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Page  2  no  Typing. 

Page  3. 

Excitation  of  radial  resonator  with  annular  slot. 

V •  A.  Poperechenko. 

Is  solved  the  problea  about  the  external  and  internal  excitation 
of  radial  resonator  with  the  narrow  annular  slot,  which  radiates  into 
the  half-space.  Is  more  precisely  foranlated  a  question  about  the 
completeness  of  set  of  functions,  which  describe  fields  within  the 
resonator  during  the  excitation  by  its  only  alternating  outside 
currents.  Is  applied  the  kncwt  method  of  addition  and  integrating  of 
the  badly/poorly  converging  series  and  integrals. 

In  this  article  based  on  the  example  of  sufficiently  typical 
antenna  in  the  form  of  narrow  annular  slot  with  the  radial  resonator, 
excited  by  the  arbitrarily  distributed  alternating  outside  currents 
(Fig.  1)  ,  are  stated  the  method  of  the  sufficiently  strict  solution 
of  elect  rod  yna  mi  c  problea  and  the  calculations  of  the  fundamental 
parameters  of  the  antenna:  the  distribution  of  voltage  along  the 
slot,  the  radiation  pattern,  pclarizational  characteristic,  composite 
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conductivity  of  radiation/eaission  and  input  resistance.  In  the 
literature  (1,  2,  3,  etc.]  were  examined  siailar  probleas  for  other 
special  cases  of  the  fore  of  resonator,  slot  and  exciting  sources. 

Let  us  turn  directly  to  the  solution  of  stated  problee  whose 
electrodynaeic  foraulation  is  clear  froa  Pig.  1.  The  walls  of 
resonator  and  unliaited  infinitely  thin  screen,  which  divides 
half-spaces,  are  accepted  ideally  conducting.  The  obtained  below 
results  in  certain  part  are  close  to  the  series/row  of  the  published 
works.  Nevertheless  the  presentation  of  these  results  is  useful  froa 
a  systeaatic  point  of  view  for  farther  iaprovenent  of  the  engineering 
aethods  of  calculation  of  nonresonant  slot  antennas  on  the  base  of 


strict  aethods 
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Pig.  1. 

Page  4. 

The  solution  of  stated  hece  problem  is  realized  by  the  Method  of 
partial  regions  with  the  imposition  of  condition  of  continuity  on  the 
average/aean  in  the  width  slots  of  the  value  of  the  tangential 
coaponants  of  the  vectors  of  field.  In  this  case  it  is  systematic 
convenient  in  accordance  with  the  principle  of  equivalency  the 
tangential  component  of  electric  field  in  the  slot  of  each  of  the 
partial  regions  of  representing  as  equivalent  surface  magnetic 
current  [4],  superimposed  in  the  limits  of  slot  on  tha  fictitious 
ideally  conducting  screen ,  which  completely  divides  partial  regions 
from  each  other  (Pig-  2} . 

Continuity  conditions  indicated  for  the  average/aean  values  of 
field  analytically  are  represented  in  the  fora 

,  _  q>, _  <n>  _  ' 
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Let  as  pass  directly  to  the  solution  of  the  formulated  problem. 
For  this  let  as  record  the  expressions  of  field  in  the  external  space 
and  within  the  resonator  through  components  £,  and  Ht.  The  solation  of 
the  equations  of  Harwell  for  these  components  in  the  external  space 
let  as  record  in  that  form,  as  this  is  given  in  work  [5], 


OOC  a  81082601 


PAGE  7 


fig.  2. 

Pag®  5. 


Talcing  into  account  the  airror  ieage  in  the  infinite  screen  of  the 
expression  of  fullAotal/ complete  fields  £,  and  7/^  they  will  take  the 
fore 


for  x<z*. 


Here  coefficients  F*  and  are  equal  to: 
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where  when  *<*»  the  sign  of  ieaginary  radical'  V  x2— x?i  is  taken  by 
negative. 
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The  function  of  unknown  aagnetic  current  I"  (<f)  enters  into  data 
of  expression,  being  expressed  through  the  bulk  density  of  current  in 
the  following  analytical  fore: 

Fields  within  the  resonator  through  the  outside  currents  jure 
deterained  by  the  aethod  of  solution  of  the  nonhoaogeneous  wave 
equations,  valid  in  the  absence  of  outside  static  charges  and  steady 
currents : 

(!) 

(2) 

Siailar  vector  wave  equations  for  the  electrical  sources  are 
given  in  [6], 

The  full/total/co  aplete  unknown  solutions  of  equ.  (1)  and  (2) 
(see  the  appendix)  can  be  represented  in  the  fora: 

(3) 

(4) 


E* =  j  £  S  F‘mn  cos  T5  sn"  W'  x"  r)  e~"*  - 

/»0  m»0  ntm—A 
m  m  4-m 

h* = y  y  y  ^  , 


0  /n— 0  — m 


~J_  ±  i'd£‘)+±  +«&+/e»£P. 

=  rotf  /“  -Mcofj/;—  r—  grad,  (divT*) 
1  8>Ht  , 


J_  a  ,rdH,  \  , 
/•  dr  1  dr  ) 


=  —  rot  -f-  i  cos*/“ 


r*  d  <f* 


l 


a,  +«5«* ' 
grad,  (div  Ji) 
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where  through  sn *(x»6,  x™r)  and  csn(xj>.  w)  are  designated  respectively 
sine  and  cosine  snail  radial  of  n  order  [7]: 

(**&.  *V)  •=■  N.  (*J>)  J»  (W)— N»  («*r)  7,  (**6). 

».✓)  (‘-r)” /V*  J* {%J>)' 


Page  7. 


Paraaetars  x«  andxiare  the  n  roots  of  the  equations 


"■OCA*  npn  m-0. 1,2,  .  .  .  (**-0) 

and  ,  • 

*lSn,«h.  «*a)  -  0  m -  0,  1,  2 - (-»  -  0). 


where  Sn„(x£&.  xia)  -  sine  large  radial  is  equal  to: 

T  *  Sn;(«^, 

J.  _  _ .  ....  : 

Por  datarnining  the  coefficients '  Flm  and  F mlmt  in  the  source 
function  we  will  use  the  relaticnships/ratios  of  the  orthogonality: 
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r *■  T'~"- 

5  lO  np« 

fslo— ain^i d2  -»  T  T  L~1' 

Jf  e  C'  0  npu  L  &  l, 

0 

•  ~  npa  L  -  /,  /  =*  0, 

•  fcMiSicosiS-'*  *  ®  ,  ,  .  „ 

J  c  e  C  OOH  L  —  l,  l  ™  0, 

°  0  npH  l, 

J  sn„  (*• 6,  r)  sn,  (*•  &,  *•  r)  rdr  = 

* 

0  npii  p  ^  m, 

* 

J  a-  (*5A  *5,  ') cs*  (**  b**r)rdr  = 


npii  p  m. 


Key  ( 1)  .  with. 
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Substituting  predicted  solution  (3)  and  (4)  into  wave  egu.  (1) 
and  (2)  and  taking  into  account  the  recorded  above 

relationships/ratios  of  orthogonality,  it  is  not  difficult  to  arrive 
at  the  values  of  the  unknown  coefficients: 
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•here  *  -  syabol  of  Kronacker:  1  <*-2; 

The  zero  teras  of  solution  (3) -(6)  describe  the  fields,  which 
have  in  one,  two  ox  three  coordinate  planes  the  instantaneous 
structure  of  peraanent  field,  and  they  are  the  solutions  of  the 
corresponding  one-,  two-  or  tbree-dimens iona  1  equations  of  Poisson. 
The  zero  teras  of  single  multiplicity  (x«,-0,  or  n=0,  or  1=0)  correspond 
to  waves  of  the  type  E  and  8  without  variations  in  the  field  on  one 
of  the  transverse  coordinates.  The  zero  teras  of  dual  multiplicity 
(x«»0,.n*0,  or  n=0,  1*0  or  Xm-0,  Q)  correspond  to  waves  electric  vave 
node.  And  finally  the  zero  teras  of  triple  aultiplicity  (xm-0,n*0, 

1*0)  correspond  to  potential  waves.  Let  us  designate  then  PEN. 
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In  connection  vith  this  jrcblem  for  the  region  oat  of  the 
sources  it  is  possible  to  ascertain  that  froe  a  number  of  lowest 
transmission  modes  (PBH  and  TEB)  they  become  zero,  independent  of  the 
form  of  sources,  field  of  both  cf  waves  PEB,  both  azimuthal  waves 
TEB,  also,  on  one  of  the  cylindrical  and  plane  waves  of  TEH.  In  order 
to  be  convinced  of  this,  it  suffices  to  use  passage  to  the  limit 
k-*0.  n-+0,  l-~ 0  io(3) -(6)  and  in  the  relationships/ratios  of  field 
coaponen  ts  En  £,  ,  Hn  fff  „ 

Page  9. 

Let  us  return  to  our  problem  and  will  pass  to  composition  and 
solution  of  equations  for  determining  the  magnetic  current  in  the 
slot.  Let  us  write  out  for  this  coefficients  :  £*■*,  ^**,  Fj* ,  : 
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*  V 

o.  1  * 

F?+,-=±—' -  f  «<U> Oir'. 


In  the  lattec/last  two  equalities  daring  the  integration  for  z' 
and  r*  is  used  the  relations  hip/ratio,  known  from  the  theory  of 
6-function  [10]: 

J  f<x) 

is  taken  into  consideration,  that  whan  one  6  component  of  magnetic 
current  is  present,  the  right  sides  of  the  equations  of  Maxwell  take 

/ 

rot,  /"  +  i  grad,  (div~jr) 

— rotj’+i  «h£— -L  grad,  (div  /)"  . 


_  i  *('VS) 

r‘  dr‘  ’ 
_ 1 

I  axiy'  £  f’dl1  * 


the  form: 
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Page  10. 

Substituting  obtained  coefficients  1  FT*'  into  the  expressions  of 
field  ~£,  and  tit  and  writing/ re  cording  continuity  conditions  in 

the  region  out  of  the  sources  in  the  expanded/scanned  corn,  »e  will 
obtain  the  equation,  fron  which  is  deterained  the  value  of  the 
coefficients  of  Fourier  series  for  unknown  nagnetic  current  a„:. 

-I  v>  ***~t^<  \*ln  f*  ca»(xwfc-  *)  y  ' 

■  i  r—zM  r*  J.  . ' 


.  j  ^  ( —  0*  |  nin.  ^  1  «,(»*>.  ') 

[>-£)]  ri  ; 


-  V  *'-«? e  r  *r 

j»  j 


At 

t! 

*1 

(-i)] 

T„  J  L&ldrF?--  Y±X 
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v^e/ee. 


Page  11. 


Expression  A«  is  the  recording  of  the  total  of  the  external  and 
internal  composite  conductivities  of  the  r adi at icn/e mission  of 
annular  slot  per  the  unit  of  its  length  for  the  appropriate  azimuthal 
harmony  of  field,  by  definitics  equal  to 


where  •  y*  -  —  surface  electric  current  density  of  displacement  in  the 
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slot,  voltage  on  the  slot. 

The  external  conductivity  cf  radiat ion/eaission  in  expression 
,by  integral  onjx, moreover  the  range  o£  integration  froa  0  to 
corresponds  to  the  real  part  cf  the  conductivity,  and  retraining 
interval  -  its  iaaginary  part.  To  internal  conductance  corresponds 
dual  sun  on  1  and  a,  which  is  in  the  absence  of  heat  losses  in  the 
resonator  pure  iaaginary  value. 

If  we  trace  the  aade  abcve  linings/calculations,  then  it  is  not 
difficult  to  be  convinced  of  the  fact  that  d„ 'actually/really 
corresponds  to  conductivity  .  y,n. 

Utilizing  straight/direct  physical  conformity  between  and  the 
linear  conductivity  of  slct  yin.  it  is  possible  to  approximately  take 
into  account  the  effect  of  the  final  thickness  of  screen,  without 
resorting  to  complicated  linings/calculations.  For  this  it  suffices 
to  supplement  to  conductivity  identical  for  all  azimuthal  ones  to 
harmonic  e-1"*  supplementary  linear  capacity  susceptance  ymc  of  the 
capacitor/condenser,  formed  by  the  opposite  edges  of  screen.  This 
conductivity  approximately  cciprises 

i  <iie% 

.  *  —  • 

where  6-  thickness  of  screen,  t  -  width  of  slot,  e-the  absolute 
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dielectric  constant  of  medium  in  tha  gap  between  the  ends/faces  cf 
screen. 

Obtained  expression  a«>  deter  lining  magnetic  current  in  the  slot, 
together  with  the  expressions  cf  field  in  the  resonator  and  outside 
it  in  fact  are  the  completed  fcrnal  solution  of  stated  problem. 
However,  the  direct  use  of  these  results,  especially  for  the  very 
narrow  slots,  meets  with  on  its  path  ths  computational  difficulties, 
connected  with  the  slow  convergence  of  series  on  m  and  integrals  on  x. 

For  facilitating  the  engineering  calculations  during  the 
computation  of  these  integrals  and  series/rows  let  us  produce  some 
conversions  of  the  obtained  solution. 

Page  12. 

For  this  let  us  decompose  the  intervals  of  integration  and 
addition  respectively  into  two  pacts  from  0  to  (from  0  to  xmS )  (I) 
and  from  to  -  (from  xml  to  «)  (II)  so  that  in  the  limits  of  entire 
II  interval  would  be  possible  the  replacement  of  cylindrical 
functions  by  their  asymptotic  expressions  with  the  help  of  tho  first 
members  of  the  series/rows  of  Hanlcel.  This  means  that  in  the  II 
interval  is  necessary  fulfilling  of  the  inequalities 
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Key:  (1)  .  or. 


if  wa  have  in  mind  that  a  radius  of  the  annular  slot  d  and  a  radius 
of  resonator  b  are  com mensurated  with  the  wavelength  or  compose 
several  wavelengths,  i.e. 

dU-L. 


Then  in  comparatively  short  interval  the  I  computation  of 
integrals  and  sums  can  be  implemented  respectively  graphically  and  by 
term-by-term  addition,  and  in  interval  II  -  with  the  use  of  the 


approximations: 


L  ,  2cos  (x  (b  —  r)] L  _  2sin[»(6  —  r)J 

*•  !M,6■  ")3S-  --vs-  • 


«*  V  br 


c  ,  , .  '  2sin  [x  (a  —  &)J  . _  h _  m  n 

»[*'-(•+ t)4]- 

1 -&)■-©■ -&) -e/ 


and  tabular  suns  and  integrals. 


Th»  introduced  demarcation  of  the  intervals  of  integration  and 
addition  makes  it  possible  to  also  simplify  the  problem  of  the 
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preliminary  computation  of  integrals  on  the  radial  coordinates  r  and 
r*.  So  whan  x<xj  in  view  of  condition  t<<d  it  is  possible  to  count 
functions  free  nr  and  nr*  within  the  limits  of  slot  by  those  by 
slowly  changing  and  to  calculate  these  integrals  according  to  the 
formula 


j  f(r)dr^tf(d) 


independent  of  tha  complexity  of  integrand. 


Page  13. 


Por  second  section  (x>*8)  the  integration  for  r  and  r*  after  the 
carrying  out  of  the  slowly  changing  factors  also  presents  no 
dif  fic  ulties: 


cs*(*&,  %r)drsst 


nx  y'bd  x£ 
2 


cos  1*  (b— d)]. 


The  obtained  as  a  result  of  integrating  the  complicated 
trigonometric  functions  integral  function  si  from  argument  nd  in 
interval  can  be  represented  by  the  approximately  asymptotic 
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expression 

si  (*  - ~  . 

»a 

The  saae  path  can  be  used  for  the  addition  of  simpler 
series/rows  on  1.  In  this  case  as  sign/criterion  for  demarcation  of 
two  intervals  of  addition  l<^|,  and  l>t t  serve  the  conditions  of  the 
approximate  representation  of  functions  from  1 

■  (£)■>'•' 

Appendix. 

A  question  about  the  completeness  of  solutions  for  the  fields 
within  the  resonators  from  a  systematic  point  of  view  deserves 
supplementary  examination.  The  fact  is  that  in  the  literature,  which 
concerns  the  solutions  of  such  problems  in  the  generalized  form  (for 
example,  [8]*  [9])#  are  indications  about  the  methods  of  obtaining 
the  f ull/total/oomplate  solutions  by  the  inclusion  in  of  them 
vortex/eddy  and  potential  field  component. 

However,  during  the  soluticn  of  specific  electrodynamic  problems 
the  completeness  of  solution  can  be  achieved/reached, 
also,  without  the  special  separation  of  electromagnetic  field  to 
these  two  parts.  For  this  it  suffices  to  ensure  the  completeness  of 
the  spectrum  of  the  solutions  «f  the  system  of  wave  equations  for  the 
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fields  or  the  potentials  with  the  observance 
validity  of  these  equations.  As  is  known  [6], 
uniformity,  isotropy  and  linearity  of  medium, 
even  and  the  relations hip/ratic: 


d®»  _  d  f" 

div  A*  =  -  8  ,  dlv  A-  -  -j- 

Ot  ul 


of  the  conditions  of  the 
these  conditions  are 
and  for  the  potentials 


eliminating  f ull/tctal/complete  arbitrariness  <p»  and 


Page  14. 


Por  the  outside  sources,  which  satisfy  continuity  conditions: 


div  /*=•  —  * 


dp* 
a t 


div  /'*  at  —  (l 


dp“ 
Idt  • 


the  system  of  four  wave  equations  indicated  for  potentials 

A" (7"'  jp’(p*),  < p"(pm)  is  reduced  to  the  system  of  two  equations  for 
>(/•)",  Af(Ta)7  and  in  the  systea  cf  twc  equations  for  ’£(/*.  7".  p*.  p“).  #(/*.  P“- 

in  their  right  side  charges  f*.  and  ip*  are  eliminated  and  remain  only 
currents  ;r  and  .7s-  A  number  cf  sources,  which  do  not  satisfy 
continuity  conditions,  in  particular,  includes  steady  currents  io 
and  ‘/S  and  static  charges  pj  and  p".  which,  being  constant/inv ar iable 
in  the  time,  in  the  general  case  are  not  in  any  way  connected. 


The  completeness  of  the  spectrum  of  the  solutions  of  the  system 
of  wave  equations  is  ensured,  if  in  it  are  taken  into  consideration 
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all  terms  with  the  eigenvalues  from  0  to  •  (for  the  spectrum  of  the 
erect  ones  of  will).  Thus,  the  full/total/complete  solution  of  the 
equations  of  Maxwell  in  the  resonator  in  the  general  case  should  be 
considered  such,  which  contains  the  full/total/complete  spectrum  of 
the  solutions  of  the  system  of  wave  equations  for  '*•([*).  Ami 7").  or 
?(/».  7").  7“)  in  the  form  of  waves  E,  H,  electric  itfave  mode  and  PEM, 

the  electro-  and  magnetostatic  fields  of  charges  pj.  pj  and  currents 
/o. /o  - and  field  of  that  part  of  the  time- varying  of  charges^*,  p".  which 
do  not  for  some  raason  or  other  satisfy  continuity  conditions.  In 
problem  examined  above  in  view  of  the  conditions  accepted  outside 
sources  satisfy  continuity  conditions.  Therefore  expressions  (3)  ,  (4) 
togethar  with  tha  expressions  cf  the  transverse  components  of  field 
are  the  full/tot  al/ccm  plete  solutions  of  the  equations  of  Maxwell  for 
this  resonator. 

In  conclusion  the  author  expresses  appreciation  to  the  Candidate 
of  Technical  Sciences  L.  S.  Benenson  for  the  useful  observations  and 
meaningful  discussion. 
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Page  15. 

Synthesis  of  non  equidistant  line-source  antenna  by  the  statistical 
methods  of  search. 

O.  I.  Le\rin. 

Ar°  examined  questions  of  the  use/application  of  methods  of 
statistical  optimization  to  the  tasks  of  the  synthesis  of  the 
non 3  quid i start  rarefied  gratings.  Is  comprised  the  system  stochastic 
differential  equations,  the  point  of  stable  equilibrium  of  wnich  is 
the  point  of  the  location  of  the  unknown  extremum  of  the  functional 
of  the  disa grasmen t/mismatch  of  preset  and  synthesized  diagrams.  Ara 
ii.r«n  the  results  of  the  calculations  of  ncnequidistant  antenna 
arrays  by  the  method  in  question. 

Formulation  of  the  problem. 

Is  examined  ths  task  of  the  construction  of  the  discrete/digital 


lin°-source  antenna,  which  realizes  the  preset  radiation  pattern 
f  (u) . 


l 
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Ths  radiation  pattern  of  the  linear  grating 

n 

^ («)«2  ^exp +  (1.1) 

/l«l 

where  u=v  sin  &,  9  -  the  angle,  calculated  off  the  normal  to  the 

grating;  A*,  d*.  _  unknown  amplitude,  position  and  the  phase  of  the  n 

emitter,  moreover  positions  are  measured  in  the  halflengths  of  waves; 

U  -  number  of  emitters  in  the  grating. 

For  a  precise  realization  cf  the  preset  diagram  f  (u)  by  tha  sum 
of  form  (1,1)  it  is  necessary  that  f(u)  would  belong  functions 
(sae  [1]);  but  if  /(u)£fli  the  solution  of  problem  consists  in  the 
determination  of  such  values  of  controlling  parameters  y„,  n=1, 

2,  »  so  that  the  obtained  diagram  F*(u;  as  possible  better  would 

approach  the  given  one.  The  variation  formulation  of  this  problem 
consists  in  the  determination  of  such  vectors  A,  d,  y  (where 

=*(4i.  A, . Ay),d~{dudi . ♦- {*,.  *2, . ♦*}>.  which  they  supply  the 

minimum  to  the  functional  cf  disagreemant/mismatch  p  [£(u),  F(u)  ], 
w‘nera  p  -  distance  between  £(u)  and  F(u), 

Depending  on  the  selection  of  the  function  space,  ele raent s/ cells 
of  which  ara  functions  f(u),  F(u),  is  determined  the 
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concrete/specific/actual  fora  of  the  functional  of 
disagreeaent/mismatch  p. 

The  ainlaizatioa  of  this  functional  leads  to  the  determination 
of  those  optimum  values  of  the  controlling  parameters  which  males  it 
possible  to  most  accurately  obtain  the  required  diagram. 

Thus,  the  task  of  synthesis  is  reduced  in  terms  of  the 
“functionals"  to  the  task  of  mathematical  programming. 

Page  16. 


To  this  formulation  of  the  problem  of  synthesis  is  turned  the 
attention  in  work  [2],  where  are  constructed  the 
concreta/specific/actual  forms  of  the  functionals  of 
disagreement/mis  match  and  are  solved  several  tasks  with  the  help  of 
the  optimization  of  such  functionals. 

Unfortunately,  in  the  majority  of  the  in  practice  interesting 
cases  p  [ f (u)  ,  F  {u)  ]  it  is  nonlinear  and,  as  a  consequence  of  this, 
multi-extremum  functional,  what  considerably  complicates  the  solution 
of  stated  problem  -  the  determination  of  th~.  global  minimum  of  the 
functional  of  disagree ment/mis *atch.  Is  constructed  the  iterative 
process  of  the  search  for  the  optimum  values  of  the  controlling 
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parameters,  corresponding  to  the  point  of  the  global  minimum. 

Por  an  improvement  in  the  probability  of  the  convergence  of  the 
process  of  search  at  the  pcint  cf  the  global  extremum  of  functional 
it  is  possible  to  recommend  several  methods  of  organizing  the  search 
for  the  optimum  values  of  the  parameters.  Among  such  methods, 
indicated  in  [2],  it  is  possible  to  nota: 

1.  Selection  of  random  initial  conditions  in  the  combination 
with  the  local  search.  This  glcfcal  search  is  tha  statistical 
expansion  of  the  usual  method  cf  local  search. 

Search  from  the  different  initial  positions  consists  in  the 
random  sampling  of  initial  position  with  the  subsequent  motion, 
determined  by  any  of  the  known  local  methods  of  descant,  to  the 
extremum  and  by  the  selection  of  the  main  thing. 

This  algorithm  of  the  statistical  search  for  global  extremum  is 
in  fact  the  algorithm  of  randcm  sorting  the  local  minimums  and 
because  of  this  is  affectively  applicable  with  their  small  number. 

It  is  necessary  to  nota  that  the  a  priori  information,  which 
escape/ensues  from  the  analysis  cf  the  physical  structure  of  process, 
makes  it  possible  to  immediately  reject/throw  the  ’’hopeless”  regions 
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of  the  initial  conditions  that  considerably  accelerates  the  search, 
and  to  also  so  organize  the  probability  distribution  function  of  the 
randoa  initial  conditions,  in  order  to  increase  substantially  the 
probability  of  the  ass ignment  of  the  initial  conditions,  which  lead 
to  the  point  of  global  extremum. 

2.  Method  of  preliminary  approximate  solution  consists  in 
construction  of  rough  solution  of  stated  problem  cn  the  basis  of 
methods,  on  requiring  high  expenditures  of  machine  time  (for  example, 
use  of  method  of  steady  state,  resolution  into  Fourier  series  in 
terms  of  systems  of  different  functions,  etc,).  In  this  case  it  is 
very  pccbable  that  approximate  solution  gravitates  to  the  global 
extremum  (or  at  least  to  the  very  deep  extremum,  which  unessentially 
differs  from  global) .  The  subsequent  local  search  can  then  lead  to 
the  determination  of  global  extremum.  Some  methods  of  the  rough 
estimate  of  initial  approximaticn/approach  will  be  in  more  detail 
investigated  subsequently. 

Page  17, 

3,  Method  of  fitting  (utilizing  terminology  [2]),  This  method 
consists  in  the  fact  that  first  th9  problem  is  solved  for  this  small 
number  of  parameters  n,  with  which  is  feasible  f ull/total/coaple te 
sorting,  Thar  is  addad  an  an  even  smallar  number  of  emitters  and  is 
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sought  the  extreaua  of  functional  by  tha  method  of  the 
"adequate/approaching  directions'*  from  tha  initial  values  of  n  of  the 
arguments,  which  correspond  tc  the  global  extremum,  found 
full/total/complete  countershaft  for  the  n  emitters.  Thus,  each  time 
is  conducted  tha  search  for  tha  optimum  parameters  the  narrowed 
space,  that  begins  from  the  "bed'*,  obtained  in  the  preceding/previous 
stage.  The  advisability  of  applying  this  method,  which  is  one  of  the 
varieties  of  tha  group  of  methods  of  the  type  of  dynamic  programming, 
increases  with  an  increase  in  the  number  of  parameters,  since  in  this 
case  sharply  grow/rise  the  expenditures  of  machine  time  and  the 
difficultias,  connected  with  the  multi-axtremality  of  the  optimizable 
functional.  Therefore  the  multistage  process  of  optimization  in  the 
space  of  a  considerably  smaller  number  of  measurements  is  very 
promising.  Despite  the  fact  that  the  direct  use/applicaticn  of 
methods  of  dynamic  programming  to  the  tasks  of  the  synthesis  of 
antennas  incorrectly  [3],  results  of  works  [3],  [4]  make  it  possible 
to  judge  the  sufficiently  geed  quality  of  tha  obtained  solution  with 
tha  help  of  these  methods. 

In  this  work  the  task  of  the  determination  of  extremum  is 
reduced  to  tha  solution  of  the  system  of  inequalities  and  tc  finding 
of  zero  functions.  Is  comprised  the  system  stochastic  differential 
equations,  the  point  of  stable  equilibrium  of  which  is  the  point  of 
the  location  of  the  unknown  extremum. 
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The  method  in  question  is  borrowed  from  [5]. 

Stochastic  method  cf  the  search  for  the  global  extremum  of  the 
function  of  many  var iable/alterrating. 

Let  in  region  R  of  n-dineijsional  be  euclidean  space  it  is 

determined  the  differentiated  function  y  =  p(X)_>0,  X**{xu  xt .  *„},  where 

R  region  is  determined  by  the  system  of  the  inequalities 

(X) < 0,  i-1,  2 . m. 

If  R  is  preset  and  by  equations  <pj(X)  *0,  the  each  such  condition 
is  reduced  to  two  inequalities: 

9/(X)<0»  -?,(XK0. 

Is  required  to  construct  the  algorithm  of  determination  from  given  by 
accuracy  %  point  R>  in  which  function  p(X)  it  reaches  global 
extremum,  for  example  the  minimum  [for  the  determination  cf  maximum 
it  is  necessary  to  examine  furction  -  p(X)  ]. 

Let  us  construct  the  sequence  of  monotonically  decreasing 
positive  numbers  {X*}  such,  that  In-t— X.H-e>0.  To  the  system  of 
inequalities  let  us  supplement  one  additional  inequality 

9i"(X)-p(X)-X,<0. 
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This  system  of  inequalities  is  satisfi9d  under  condition 
>K^minp(X)  and  deterained  point  X  £  R,  which  is  the  point  of  the 

xgK 

local  extremum  of  function  p  (X)  ,  moreover  the  depth  of  this  extremum 
is  determined  A«. 


Page  18. 

Then  we  take  the  following  value  cf  {A*}  we  seek  point  X£  R,  being 
determining  a  deeper  local  minimum  of  function  p(X).  with  certain 
A*  can  seem  that  XH<  min  p(X),  then  pr eceding/previous  value 
with  accuracy  8  will  be  equal  tc  minimum  value  p(X)r  and  the 
corresponding  point  X— X*  -  tc  the  point  of  the  minimum. 


Thus  the  task  of  the  search  for  the  minimum  of  function  p  (X )  is 
replaced  by  the  task  cf  solving  the  system  of  inequalities. 


,  where 


»9  further  construct  function  F{X)  " 

_  (0,  ‘*<0, 

Ht (X) - 9,  W p, sign <pt (X),  t- 0,1 . m;  s,gnJC=1|.  i,  x>  o, 

Pi— weight  coefficients  of  limitations  (account  cf  the  importance  cf 

m 

different  limitations)  ^Tpi=l. 


t-0 


Function  F(X)  is  equal  tc  zero  for  those  X,  for  which  the  system 


f 
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of  iaequaLiti.es  is  satisfied.  Consequent ly ,  the  task  of  de termination 
min  p(X)  ts  reduced  to  the  determination  of  zero  functions  F(X)  with 
given  one  is  it  is  not  difficult  to  see,  ?{X)>0.  Consequently , 
zero  functions  F  (X)  are  its  minimums.  Zero  functions  F(X)  we  will 
search  with  the  help  of  the  "stray”  random  search,  which  is  the 
statistical  development  of  the  regular  method  of  gradient  and 
consists  in  the  fact  that  for  the  purpose  of  imparting  to  search 
global  character  on  the  gradient  descent  are  superimposed  the  random 

T 

" jerks/itnpulses"  £(/),  which  create  the  mode/coaditions  of  the  random 
walk.  This  motion  of  point  under  the  effect  of  the  determined 
ramoval/drif t  to  the  side  of  antigradient  and  random  ” jerks/impulses" 
is  determined  by  the  following  system  stochastic  differential 
equations: 

^--grad,  FW+lulfWJUto.  (1.2) 

dt  m 

where {'Ki(.X), ...  Mrn(.V)  —the  vector  function  of  scalar 

arqument.  £(0  —  {|i (0.  |j(0 . £„(*)}  —  the  vector  random  process  whose 

components  -  the  normally  distributed  random  processes  with  the  zero 
mathematical  expectations  and  the  correlation  matrix/die  of  the  form 

’ArU06/(f-T)-*tf8(T).  (i.3> 

where  6(r)  -  the  generalized  function  of  Dirac,  -*■  the  Kronecker 
delta. 

Page  19, 


i  . 
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Ganerally  speaking/  as  (f(t)  it  is  possibla  to  take  any  with  the 
symmetrical  relative  tc  zero  densities  of  distribution  of  probability 
procass.  —  the  noise  intensity  which  is  the  higher,  the  further 

the  representative  point  X  from  X*,  which  corrasponds  to  minimum 
value  p(X)  . 

u 

The  selection  of  fan- junct  icn  ^F(X)}  determines,  actually, 
"damping"  of  th?  process  of  search,  i.e.  ,  the  relationship/ratio 
between  the  determined  descent  and  the  random  search.  As  function 
were  investigated  the  functions  of  the  type  exp  [F(X)  ]  -1, 

P*  (X)  and  so  forth. 

It  is  necessary  to  nets  that  successful  selection  '^(X)]  in 
many  respects  contributes  to  the  rapid  search  for  extremum,  but  for 
this  selection  it  is  necessary  tc  produce  a  sufficiently  large  number 
of  preliminary  experiments.  The  process,  determined  by  equ.  (2.2), 
with  t-»-  leads  to  the  most  protable  position  of  point  to  a  X- 
position  of  global  extremum  [6]. 

Different  statistical  methods  of  the  search  for  global  extremum 
with  the  adaptation  in  the  process  of  search  and  s valuaticn/es timate 
of  tha  parameters  of  these  methods  are  given  in  [6], 

It  would  be  intaresting  tc  use  different  statistical  methods  for 
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the  tasks  of  the  synthesis  of  optimum  antennas  and  to  compara  between 
themselves  obtained  by  these  methods  results. 

Examples  of  the  synthesis  of  noneguidist ant  line-source  antennas. 

By  the  method  stochastic  search  for  the  global  extremum  of  the 
functional  of  disagrae ment/aismatch  p(X)=p[f(u),  F(u;  X)  ],  where 
vector  X  -  the  vector  of  the  controlling  parameters,  was  calculated  a 
large  number  of  diagrams.  Por  the  economy  cf  machine  time  are 
examined  only  the  cases  of  real  diagrams;  transition/junc* ion  to  the 
optimization  of  the  complex- valued  diagrams  adds  no  fundamentally  new 
dif  fic  ultias. 


As  f(u)  was  utilized  the  diagram  with  tue  preset  form  of  major 
lobe  and  the  zero  lateral  radiation;  for  example. 


.  /(a)./  1 — “*•  l«l<0,04n, 
0,  0,04n  <  |  a  | 


(14) 


As  the  functional  of  disagrsement/misaatch  let  us  take 
diverger.es  of  f(u)  from  P  (u;  X)  in  space  Lp(-m}  : 

r  * 


PLg  (X)  -  p(  f  («).  F  (u;  X))  =  j  I  f  \u  - F  (u;  X)f  du) 


L-t 


"  ■  (-1.5) 


In  the  cas5  of  the  complex-valued  function  P(u;  X)  it  is 
possible  tc  produce  the  optimization  of  the  modulus/module  cf  the 
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diagram: 

Pt#(X)-P  (/(«).  F{u-  X)]-  |  f  (u) — |  F  (a;  X)|| >  du 

Thus,  the  functional  of  disagreement/mismatch  is  nothing  els? 
but  the  nora  of  divergence  f  (u)  from  F  (u;  X)  in  space  ip- 

Page  20.  Despite  the  fact  that  occurs  the  mi  niaization  of  divergence 
cf  ?(u)  from  F(u;  X)  in  ip,  which  guarantees  the  integral  nearness  cf 
diagrams;  hovavsr,  according  to  the  known  theorem  of  functional 
analysis  with  p**»-  norm  in  ip  approaches  the  uniform  norm  (space  C)  . 
Therefors  with  sufficiently  large  p  (in  the  calculations  was  utilized 
p_>6)  it  is  possible  to  speak  cfthe  "almost "  uniform 
approximation/approach  of  the  preset  diagram  f(u). 

Pur.otionals  (1.5)  and  (1.6)  provide  approximation/approach 
taking  into  account  both  fundamental  (jut  <0.04*  and  the  side  lobes  of 
diagram  (0. 04ir<lu  [<»)  .  The  more  general/mo ro  common/more  total 
functional  _ 

Pt(X)=o  (J  if(u)-|F(u;  X)ird«)7  + 

—  ^ (  j  !f (a)— (F(a;  X)|' </«■)'’,  (1.7) 

0.04n<;ui<  n 

whsro  a0>O  it  makas  it  possible  to  provide  the  required 
relationship/ratio  between  the  accuracy  of  the  approximation/approach 
of  the  main  thing  and  side  lcbas  depending  on 
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concrete/specific/actual  requirements  far  the  optimizable  antenna. 

Are  calculated  the  following  optimum  diagrams: 

1.  Is  produced  synthesis  in  positions  and  amplitudes  of  nine 
element,  by  aperture  19\,  symmetrical  cophasal  grating. 

The  form  of  the  obtained  diagram  is  shown  in  Fig.  1,  and  the 
values  of  amplitudes  and  positions  of  emitters  are  given  inTable  1. 
Maximum  side  lobe  has  a  value  -  5.45  dB. 


DOC  =  81082602  PAGE 


Page  21. 

2,  Is  produced  synthesis  cn  positions  of  equal-amplitude 
symmetrical  broadside  antenna  array,  which  consists  of  25 
elements/cells,  by  aperture  50\.  Optimum  diagram  is  given  in  Fig 
and  the  sequence  of  decreasing  the  side  lobes  in  the  process  of 
search  -  in  Table  2.  Maximum  side  lobe  -  10.5  dB. 

In  the  cases  of  optimizations  examined  as  the  limitations  t 


region  of  the  determination  of  the  controlling  parameters  were 
utilized  the  following  conditions: 


DOC  *  81082602 


PAGE 


1)  the  equipment  of  emitters  with  the  aperture:  [dn < R,  n=1#  2,... 
8;  H  -  value  of  aperture; 

2)  the  determination  of  emitters  at  a  distance  from  each  other 
not  lass  than  given  one:  d„+i— 

N 

3)  standardization  of  the  amplitudes  of  the  emitters: 

ami 

Dus  to  the  high  expenditures  of  machine  time  for  the  realization 
stochastic  search  the  high  value  acquire  the  methods  of  determination 
relative  to  gross  initial  approximation/approach  which  supposedly 
gravitates  to  the  global  extremum,  from  which  then  is  conducted  local 
search  by  any  of  the  known  methods. 


HU 


o  mu* 


Fig.  2. 


uh*  non 

-  OS/i  unmuMuiauuu — 
C*> 


Key:  (1).  d B.  (2).  Region  of  optimization. 
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Sobs  from  the  aethods,  that  naKe  it  possible  to  obtain  gross 
initial  approxination/approach,  are  described  in  [7]. 


I 
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Along  then  it  is  possible  to  note: 

1.  Method  of  dynamic  programming  with  tho  large  sample  oetveen 
the  adjacent  eleaents/cel Is. 

2.  Location  of  eleaents/cells  according  to  any  a  priori  selected 

lav,  which  depends  or.  small  maker  of  parameters: 

,  a 

anmf(n,  au  o»,  .  .  aj,  rae  K<£n. 

Key:  (1)  .  where. 

In  particular,  distances  can  be  arranged/located  along  the  power 

law.  The  asymptotic  evaluaticns/estimats s  of  the  side-lobe  level  of 
this  grating  ars  given  in  work  £8], 

A3  the  a  priori  selected  laws  of  the  location  of  elements/cells 
it  is  possible  to  note  logarithnic  (law  of  prime  numbers)  ,  law  of  the 
increase  of  the  distances  between  the  elements/cells  on  the 
arithmetical  progression,  etc. 

The  results  of  calculating  the  gratings  with  such  laws  of  the 
location  of  eleaents/cells  are  given  in  [7]. 
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3.  sethod  of  "rarefaction/evacuation"  of  equidistant  grating,  as 
the  initial  approxiaaticn/approach  is  taken  the  equidistant, 
completely  "filled"  grating  of  the  preset  aperture;  then  from  it  they 
begin  tc  reject  on  one  emitter,  until  remains  the  preset  number  of 
elements/cells,  moreover  the  cumber  of  the  ejected  emitter  is 
determined  at  each  step/pitch  of  process  by  the  optimum  of  the 
functional  in  question.  This  process  was  used  for  the  synthesis  cf 
the  equal-amplitude  cophasal  symmetrical  antenna  with  N=21  and  D=40\. 
Began  from  the  equidistant  grating  Ad=0.5A  and  M=81;  after  in  the 
grating  it  remained  21  element  s/cel  Is,  maximum  side  lobe  had  a  level 
-8.9  dB,  and  after  the  use/applicaticn  of  a  method  cf  gradient  it 
fell  to  -  10.1  iB.  It  is  interesting  that  approximately  the  same 
rasult  was  obtained,  if  distances  were  arr anged/located  according  to 
the  parabolic  law  with  the  optimum  selection  of  the  parameters  of 
parabola  and  the  subsequent  gradient  descent.  The  corresponding 
positions  of  elsments/cells  are  given  in  Fig.  3, 
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Table  2. 
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a 
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0,3417 

9 

0,449 

2 

0,4329 

io 

-  0.5156 

3 

0.3582 

11 

0,446 

4 

0,337 

12 

0.4 

S 

0,384 

13 

0,585 

6 

0,336 

14 

0,474  . 

7 

0,373 

15 

0,3124 

8 

0,327 

16 

0.3 

Key:  (1).  Number  of  lccal  extremum.  (2).  Value  of  local  extremum. 

Page  23. 

For  th9  a  valuation/estimate  of  the  properties  of  the  cptimizabli 
functional  was  used  another,  acre  rapid  method  of  local  descant,  it 
is  much  better  than  the  gradient,  fitted  out  to  the  ravine  character 
of  function,  method  of  con jugated/coabined  gradients  [9].  However, 
the  point  of  extremum  significantly  was  not  changed,  although  a 
number  of  iterations  decreased  doubly. 

Summarizing  that  presented,  it  is  possible  to  draw  the 
conclusion  that  the  methods,  connected  with  the  rough  determination 
of  initial  approxiaaticn/aptrcach  and  the  subsequent  local  descant 
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are  considerably  mora  economical,  than  the  global  statistical  methods 
of  search  without  the  a  priori  assumptions;  however,  the  proof  of  the 
gravity  of  initial  approximaticn/approach  to  a  point  of  global 
extremum  is  the  diff icult-tc-solve  mathematical  task. 

Table  2  depicts  the  values  cf  the  passable  local  extrema  (i.e. 
the  value  cf  maximum  side  lobes) .  After  reaching/achievement  of  the 
level  -  10,5  dB,  in  spite  cf  the  passed  100  steps/pitches,  the 
value  of  extremum  they  were  net  reduced  also  on  the  basis  of  this, 
probably,  it  is  possible  to  consider  that  with  an  accuracy  to  1  dB 
was  obtained  the  global  extreaua. 


it  is  20  a, 

(31  (t  i/lUMCix  So/ixJ 


Pig.  3. 


Key:  (1).  the  position  of  elements/cells  after 
rarefaction/evacuation,  (2).  position  of  elements/cells  aftar 
gradient  descent.  (3)  .  in  wavelengths. 
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In  the  calculations  conducted  it  was  assumed  that 


V  4.-1.  A„^Q,  dL . dL >  1. 


Por  the  evaluation  of  the  effect  of  the  input  parameters  were 
with  interelement  distances  of  not  less  than  11,  <■  ■  —  -  » 

carried  out  the  calculations  for  N=25  with  the  aperture  100\,iwith 

different  regions  of  optimization  according  to  the  side-lobe  level 

and  according  to  different  number  of  element  s/cel Is  in  the  gratings. 

The  obtained  results  are  represetted  in  tables  3,  u,  5,  6. 
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Table  3  shows  the  effect  of  the  region  of  optimization  on  the 
attainable  side-lobe  level  (nuaber  of  eleaents/calls  of  grating  -  25, 
tha  value  of  aperture  -  SOX,  interelemontal  distances  -  not  less 
0  •  5\)  . 


Table  4  shoes  the  effect  of  intereleaental  distances  on  the 
sidelobe  level  (number  of  elements/cells  -  25,  the  value  of  aperture 
-  50X,  the  region  of  optinizati.cn  -  [0.02r,  v  ])  . 

Table  5  gives  the  results  cf  the  calculations  of  antenna  arrays 
with  different  number  of  element  s/cells  (value  of  aperture  -  50\, 
interelemantal  distances  -  not  less  0.5X) . 
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Table  3. 
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• 

Key:  (1).  Region  of  optimization.  (2).  Value  on  max.  side, 
lobe/lug,  dB. 
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Key:  (1).  Value  on  max.  the  side,  of  lobe/lug,  dB. 

Tabla  5. 


Key:  (1).  Number  of  alements/cells.  (2).  Value  on  max.  sid 
lobe/lug.  dB. 
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Table  6  gives  the  data  about  the  effect  of  the  value  of  aperture 
on  the  sidelobe  level  (number  cf  elements/cells  -  25,  the 
interelemantal  distances  -  not  less  0.5X). 

In  conclusion  it  is  necessary  to  note  that  stochastic  method  of 
the  determination  of  global  extremum  used  without  the  use  of  any  a 
priori  information  about  the  assumed  region  of  the  determination  of 
global  extremum  is  sufficiently  to  labor-consuming  ones  in  the 
practical  realization  and  requires  the  considerable  expenditures  of 
the  time  of  computer  (s). 

The  advantage  cf  method  as  generally  the  methods  of  mathematical 
programming,  is  great  flexibility  to  a  change  in  the  input  parameters 
and,  as  a  conseguance  cf  this,  rapid  transition/ junction  from 
calculation  of  ona  version  tc  ancthar. 

Conclusion. 

Th?  synthesis  of  line-source  antennas  with  the  help  of  the 
methods  of  mathematical  programming  makes  it  possible  to  avoid  a 
whole  series  of  the  difficulties,  which  appear  during  the  use  or 
analytical  methods.  The  task  of  the  synthesis  of  antennas  in  this 
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case  is  placed  as  the  task  of  the  optimization  of  the  complicated 
self-tuning  system,  which  makes  it  possible  to  use  the  numerous  ideas 
of  technical  cybernetics,  developed  for  similar  systems,  appears  the 
possibility  of  the  equipment  synthesis  of  antennas  with  the  help  of. 
the  analog  technology.  Vast  bibliography  from  this  question  can  be 
found  in  [  6  ]. 

The  results  of  the  calculations  of  the  specific  problems  of  the 
synthesis  of  antennas,  obtained  with  the  help  of  the  methods  of 
mathematical  programming,  successfully  compete  with  the  analogous 
results,  obtained  by  analytical  methods. 

The  methods  examined  easily  can  be  propagated  to  the  solution  of 
other  problems  of  electrodynamics  with  a  large  number  of  complicated 
nonlinear  limitations. 

The  essential  advantage  of  the  methods  of  mathematical 
programming  is  the  absence  of  limitations  to  the  form  of  the 
synthesized  diagram  (equipment  with  its  defined  class  of  functions). 

This  setting  cf  the  reverse  tasks  theory  of  antennas  in  the 
terms  of  the  optimization  of  functionals  makes  in  possible  to  obtain 
the  virtually  realizable  solutions,  connected  with  the  functional 
limitations  on  them. 
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Table  6. 
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K*y:  (1).  Value  of  aperture.  (2).  Value  max.  side,  of  lobe/lug,  dB. 

Page  26. 

A  rapid  increase  in  the  means  of  computer  technology,  an 
increase  in  high  speed  and  memory  of  contemporary  computers  malts  it 
possible  to  effectively  apply  different  statistical  methods  of  the 
search  for  the  optimum  controlling  parameters  of  complicated  antenna 
systems,  moreover  the  circle  cf  the  applicability  of  these  methods 
evsr  mors  is  expanded  (discrete/digital  and  continuous  phase 
synthesis,  phase  scanning,  etc.). 

It  is  necessary  to  alsc  nets  that  thase  methods  make  it  possible 
to  obtain  the  solutions  of  sucb  problems,  use/application  to  which 
the  detailed  analytical  methods  is  extremely  difficult. 
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Principles  of  the  construction  of  systems,  which  possess  potential 
frequency  independence. 

3.  I.  Mclodov. 

Proa  the  equations  of  Maxwell,  which  contain  outside  currents, 
by  the  methods  of  theory  of  sisilitude  are  obtained  sufficient 
conditions  of  the  similarity  of  field.  On  their  basis  are  formulated 
the  general/common/total  principles  of  the  construction  of  the 
systems,  which  possess  potential  frequency  inda pendence. 

Introduction. 

The  development  of  the  broadband  and  super  wida-band 
devicas/aguiposnt  of  different  designations/purposes  is 
constantly/invariably  one  of  the  most  important  problems  of  theory 
and  of  antennas  technique. 

Th=  practical  absence  of  the  sufficiently  general  methods  of  the 
construction  of  such  antennas  leads  often  to  the  high  expenditures  of 
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tine  £or  the  determination  of  the  adequate/appr caching  broadband 
structures  with  empiricism. 

The  goal  of  present  article  is  the  examination  of  the 
general/common/total  principles  cf  the  construction  of  antennas  with 
the  weak  frequency  dependence. 

To  this  group  let  us  relate  all  varieties  of  antennas,  whose 
parameters  are  virtually  stable  in  the  more  than  twofold  frequency 
band,  including  the  antennas,  called  frequency-independent. 

In  the  works  cn  the  frequency-independent  antennas  are 
formulated  the  known  semi -empirical  principles  of  their  construction 
fundamental  from  which  is  considered  the  geometric  scale  principle, 
which  is,  actually,  the  condition  of  simulation  ([  1  ],  [2],  [3]). 

The  existing  samples/specimens  of  the  frequency-independent 
antennas,  constructed  in  accordance  with  the  mentioned  above 
principles,  according  to  the  fundamental  idea  belong  to  one  group  of 
the  antennas  which  can  be  defined  as  auto-commutation  ones. 

In  the  principle,  each  of  these  antennas  consists  of  the 
chain/nstwork  cf  the  geometrically  similar  radiating  elements/ce 11s, 


increasing  sizes/dimensions,  which  consecuti vely/ser ially  resound  at 
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frequencies  of  similarity.  The  remaining  part  pf  the  structure 
remains  virtually  nonradiatirg. 

As  it  is  easy  to  establish/install,  the  structures  indicated, 
global,  including  outside  source,  actually,  they  do  not  answer  the 
principle  of  simulation,  although  it  is  accepted  as  the  initial. 

Let  us  note  that  fundamental  principle  itself  it  is  obtained 
from  the  homogeneous  equations  cf  Maxwell,  which  in  connection  with 
the  goals  of  radiation/emissicn,  strictly  speaking,  are  not  adequate, 
since  they  do  not  contain  the  initial  cause  of  radiation/emission  - 
outside  sources. 

Page  28. 

Seme  of  the  utilized  at  present  principles  of  the  construction 
of  the  frequency-independent  antennas  can  be  somewhat  more  strictly 
obtained  by  the  methods  of  the  theory  of  the  synthesis  of  antsnnas 
([4],  [5];  however,  with  the  help  of  this  theory  there  can  be 
obtained  only  necessary  spatial  distribution  of  sources,  while  the 
concrete/specific/actual  structure  of  antenna  it  remains  unknown. 

Is  feasible  another  approach  to  the  resolution  of  the  problem  of 
the  construction  cf  antennas  with  the  weak  frequency  dependence. 
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In  this  case  is  placed  the  task  of  determining  all  possible 
varieties  of  the  unlimited  electromagnetic  structures,  the  only 
general  requirement  for  which  consists  in,  at  any  or  specific 
discrete/digital  values  of  the  frequency  of  outside  source,  the 
distribution  of  electromagnetic  field  in  thee  being  remained  similar. 

In  such  structures  angular  field  distribution  at  large  distances 
from  the  outside  sources,  and  also  impedances  do  not  depend  on 
frequency,  i.a.,  by  definition  they  will  be  frequency-independent. 

The  finite  segments  of  the  frequency- independent  structures  of 
th?  unlimited  sizes/dimensions  are  characterized  by  weak  frequency 
dependence. 

Of  this  typa  broadband  devices/equipment  we  will  call  systoms 
with  the  potential  frequency  independence,  since,  in  tha  principle, 
they  become  fregue ncy- independent  with  the  unlimited  increase  in  the 
sizes/dimensions. 

Tha  process  of  the  determination  of  the  electromagnetic 
structures,  which  possess  the  gereral/common/total  praset  property, 
can  be  named  the  synthesis  of  structures.  In  contrast  to  the  known 
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theory  of  the  synthesis  of  antennas,  in  which  through  the  diagram  is 
located  only  the  source  distribution  of  field,  by  the  task  of  the 
synthesis  of  structures  is  in  our  case  the  determination  of  the 
possible  geometric  forms  cf  ideally  conducting  bounding  surfaces  and 
of  outside  current  distributions  in  the  electromagnetic  systems, 
which  possess  with  the  unlimited  sizes/dimensions  frequency 
independence. 

Are  examined  below  some  questions  of  tha  theory  of  synthesis  and 
principles  of  the  construction  cf  structures  with  the  potential 
frequency  independence. 

Formulation  cf  the  problem. 

It  is  necessary  to  determine  the  class  of  the  structures  of  tha 
electromagnetic  systems,  excited  by  the  harmonic  sources,  only 
general/common/total  property  cf  which  is  a  similar  change  in  the 
field  with  the  frequency. 

Similar  we  will  consider  the  fields  whose  vectors  car.  be 
combined  everywhere  by  changing  in  the  graphic  scale  and  amplitude  of 
the  currant  of  outside  source. 


Page  29 
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In  the  completely  determinate  structures  must  be  satisfied  the 
condition  of  the  uniqueness  of  the  solutions  of  equations,  which 
describe  processes  in  the  system.  In  connection  with  this  we  will 
proceed  from  the  equations  of  Maxwell,  which  contain  outside 
currents,  assuming/setting  by  the  given  ones  bounding  surfaces  and 
distribution  on  them  of  surface  impedance. 

with  the  dependence  on  time  €i  •»  initial  equations  take  the 

form: 

rotH— i«#*« E ui,  tfi).  (J) 

rot!  +  i  wp0H  »  — ]“"  ( ui,  ui,  ui)  ,  (2) 

whera  E,  H  -  composite  amplitudes  of  ths  vectors  of  electromagnetic 
field;  e«.  n*  —absolute  dielectric  and  magnetic  permeability 
respectively: 

ya(u[\  ui r  ui),  n “«•  “*•  u*)*“ 

some  fields  of  tka  composite  vectors  of  the  densities  of  outside 
electrical  and  magnetic  currents;  u'lr  u'2,  u*3  -  orthogonal 
coordinates  of  the  points  of  spaces  with  the  currents. 

Bounding  surface  of  system  lat  be  determined  by  ths  equation 

P  (“i. 


(3) 


I  I 
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Since  energy  of  real  outside  sources  must  be  final*  we  will 
assume  that  the  rector  functions,  which  are  determining  outside 
currents,  are  integrated  squared  of  space  V',  in  which  they  are 
preset: 

'  Was  f  | jeT|* dV'<oo. 

<n 


(4) 


Let  us  name  this  relaticnship/ratio  the  condition  of  physical 
realizability. 

For  the  establishment  of  the  conditions  for  a  similar  change  in 
the  fields  with  the  frequency  let  us  use  the  methods  of  theory  of 
similitude  ([6],  [7]). 

Passing  in  equ.  (1),  (2)  and  (3)  to  the  dimensionless 

quantities,  let  us  introduce  the  designations: 

S  =*  e~E;  H  =*  hH\  ci)=*ov 


*„  =  «0*.;  Va  ="  Wn 

ui.  «,*.  Ui,  U3i )- 


1,0  V  Z.  •  4  *  to  )  ’ 


<S) 


(6) 


uJ/Zo— uji-diaensicnl&ss  i-th  coordinate  within  the  limits  of  space  wi^h 
the  current; 


<*> 

anHHa  ■ZjL 


(7; 


Key:  ( 1)  .  length. 


1  * 


J  \ 
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The  first  factors  in  the  right  sides  of  expressions  (5) -(7)  are 
scale  aci  have  the  appropriate  dimensionalities ;  the  second  -  are 
dimensionless  and  numerically  egual  to  the  values  of  fields,  currents 
and  parameters  in  egu.  (1)  and  (2)  the  systea  for  which  all  first 
factors  are  egual  to  one. 

Pag®  30. 

(Uj  jlj  jjj  \ 

—  .  -y .  — j  represent  the  fields 

of  the  dimensionless  vectors  cf  outsid®  currents,  correspondingly,  in 
the  real  and  diaensionless  cccrdinatas. 


At  the  mutually  appropriate  points  (u^,  u'2,  u'3)  and 

(±  ai  'ul\  -  <=— 

\  I*  ’  t,  '  i„  J  vectors  ycr  and  /« t  are  egual,  since  upon  transfer  to  the 
dimensionless  coordinates  changes  only  graphic  scale  10. 


Taking  into  account  designations  (5)  -  (7)  we  obtain  egu.  (1),  (2) 
and  (3)  in  a  diaensionless  fora: 


rot  H  —  i  E 

h 

rot  £-  j 


(8) 

(9) 

(10) 


Tha  invariance  of  the  solutions  of  E,  H  of  the  system  of  egu 
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(8) -(10)  in  the  dimensionless  coordinates  with  a  change  in  the 
frequency  u  is  a  sufficient  condition  of  similar  a  change  of  fields 
E,  IT  in  the  real  coordinates,  since  a  change  in  scale  10  upon 
transfer  to  them  corresponds  tc  similarity  transformation. 

In  turn,  solutions  E,  H  in  the  dimp nsionless  space  they  dc  r.ot 
change  with  the  frequency,  if  are  executed  the  following 
requirements: 

1) .  do  not  change  with  the  frequency  coefficients  in  equ.  (8) 
and  (9) ; 

2) .  remain  constant/invariable  dimensionless  vector  functions 

7,ct  ,  "Jwer- 
1  o  and  ‘o,  ’ 

3) .  they  remain  the  fixed  shape  of  bounding  surface  (10) 
dimensionless  coordinates  and  the  distribution  of  surface  impedance 
on  it. 


He  will  determine  the  general  conditions  of  electrodynamic 
similarity,  which  ensure  fulfilling  the  three  requirements  indicated. 


Let  us  consider  at  first  the  case  of  the  free  space  when 


bounding  surfaces  are  absent 
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Conditions  of  electrod ynamic  similarity  in  a  free  space. 

In  this  case  the  fields  are  described  by  the  system  cf  aqu.  (8) 
and  (9)  . 

Pro*  the  requirement  of  independence  from  the  frequency  of  the 
coefficients  of  equations  escape/ensue  the  following  similarity 
criteria: 


0») 

‘  (12) 

!*£=c 
~  c" 

(13) 

-* — =»c4. 

(14) 

« 


Page  31. 

Let  e«  and  p*  not  depend  cn  frequency,  then  from  expressions 
(11)  and  (12)  we  obtain  the  known  condition  cf  geometric  similarity 

foAo3*  const,  (15) 

whare  \0  -  length  of  transmitting  wave  in  the  free  space. 
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proportionality  of  frequency  and  seals  of  lengths  10. 

Eliminating  from  expressions  (13)  and  (14)  10,  we  have 

—  —const  —  .  (16) 

i-  « 

Sinoa  for  the  fields,  which  are  changed  similarly,  regarding 
hle» const,  we  obtain  the  supplementary  condition  of  the  similarity, 
which  relates  to  the  amplitudes  of  the  outside  currents: 

i'/i"*  const,  (17) 

on  th9  strength  of  which,  with  a  change  in  frequency  the  ratio  of  the 
amplitudes  of  these  currents  should  remain  constant. 

Let  us  note  that  condition  (17)  corresponds  to  the  requirement 
of  the  invariability  of  the  relation  of  essential  forces  in  similar 
systems  in  the  known  postulate  of  similarity  method  (£7]). 

Whan  only  one  form  of  currents  is  present,  condition  (17)  is 
satisfied  automatically, 

L?t  us  pass  to  the  examination  of  the  requirement  of 
independence  from  the  frequency  of  the  distributions  of  dimensionless 
outside  currents  /*eT  and  /;*T ,  located  in  the  right  sides  equ.  (8)  and 
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The  independence  of  these  current  3 istributions  from  the 
frequency,  and  consequently,  fro®  the  value  of  the  scale  factor  10 
occurs,  if  simultaneously  with  1Q  is  changed  spatial  distribution  of 
outside  currents  in  the  real  coordinates. 

In  this  special  case  the  distribution  of  the  dimensionless 
vectors  of  currents  in  the  real  and  dimensionless  coordinates  can  be 
represented  in  the  fora  of  the  functions 

jer  (/oUoi,  loUat,  toU<a)  =  jV  (  u0i,  Uoj.  u«j)  ,  -  ('8) 

where  u' 0,  u*02,  u*03  -  dimensionless  orthogonal  coordinates  of  the 
points,  at  which  are  preset  outside  currents. 
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Page  32. 

equal  sign  in  this  expression  indicates  equality  diaensio nl ess 
vectors  at  the  mutually  appropriate  points  of  real  and  dimensionless 
spaces. 

Vector  function  on  the  left  side  of  equality  (18)  represents 
real  spatial  distribution  of  the  vectors  of  the  composite  amplitudes 
of  outside  currents,  which  changes  similarly  with  a  change  in  the 
scale  of  lengths  X0. 

Thus,  in  the  absence  of  hounding  surfaces  the  conditions  of  the 
invariability  of  fields  in  the  dimensionless  space  and,  consequently, 
also  a  similar  change  of  the  fields  in  the  real  space  with  a  change 
in  the  frequency  are  the  following: 

1.  Spatial  distribution  of  vectors  7'1CT  and  7MCT  ■ust  change 
with  the  frequency  similarly.  The  scale  factor  10  of  the  coordinate 
system,  in  which  the  specified  distribution  of  the  currents 
indicated,  must  in  this  case  vary  in  proportion  to  to  wavelength  \0, 
which  escape/ensues  from  condition  (15). 
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2.  Ratio  of  amplitudes  of  densities  of  electrical  and  magnetic 
currents  with  change  in  frequency  must  remain  constant  [condition 
(17)  J. 


Fulfilling  of  given  conditions  provides  a  similar  change  of 
electromagnetic  field  with  the  frequency  in  entire  space,  including 
the  points,  which  lie  out  of  the  space  with  the  currents  where  equ« 
(1)  and  (2)  are  uniform,  since  the  field  in  the  dimensionless  space 
remains  constant/invariable  ir  entire  space. 

Conditions  indicated  abcve  can  be  related  both  to  the  primary 
outside  currents,  flowing  in  the  sections  where  operate  outside  emf 
and  to  secondary  currents  cn  bounding  surfaces,  connected  with  the 
fields,  which  appear  in  the  system  as  a  result  of  acting  cf  the 
applied  electromotive  forces. 

As  is  known,  secondary  currents  can  be  assumed/set  by  outside 
ones,  given  in  free  space,  when  their  distribution  is  accurately 
known,  for  example,  as  a  result  of  a  strict  solution  of  problem 
taking  into  account  the  effect  cf  bounding  surfaces  [8], 


In  turn,  conditions  for  a  similar  change  with  the  frequency. 
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obtained  for  the  currents,  they  make  it  possible  to  rate/estimat e  the 
forms  of  bounding  surfaces  of  the  systems  in  which  the  fields  change 
with  the  frequency  similarly. 

As  shown  below,  is  mere  expedient  to  determine  requirements  for 
the  form  cf  bounding  surfaces  direcrly  from  the  system  of  equ. 

<5)-(7)  . 

Some  similar  current  distribution. 

General/common/total  characteristic  of  similar  sources. 

Me  will  call  similar  currents,  or  similar  sources  of  current 
distribution,  that  satisfy  tie  first  of  the  conditions  indicated 
above,  i.e.,  changing  with  the  frequency  similarly. 

Page  33. 

After  talcing  10=X0,  it  is  possible  to  present  such  distributions 
in  the  following  general  view; 

/reT(W  ioUa,  \^ia)  .  ('9) 

After  transition  into  the  dimensionless  space  to  the  coordinates 
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the  distribution  of  fora  (19)  is  expressed  by  vector  function 
77(«‘, ,  u‘„.  u^j ) ,  not  containing  scale  factor. 

Thus,  current  distribution  for  which  the  transition  to  the 
dimensionless  coordinates  is  accompanied  by  the  exception/eliaination 
of  scale  factor  from  the  function,  with  the  help  of  which  is 
expressed  the  distribution,  it  belongs  to  similar  currents  or  siailar 
sources. 

He  will  call  the  centers  of  similitude  of  point,  that  remain 
motionless  ones  with  a  change  in  the  graphic  scale. 

Por  example,  in  spherical  coordinates^.  9.  cp)  center  of 
similitude  is  point  R=0.  Respectively  in  dimensionless  spherical 
coordinates  (Rlh,  9.  cp)  center  of  similitude  is  arranged/ located  at 
point  R/x o=0. 

If  on  certain  initial  transmitting  wave  spaces  with  similar 
outside  currents  lie/rest  beside  the  center  of  similitude,  for 
example  in  the  manner  that  spherical  spaces  1  and  2  with  the  centers 
at  points  (R1J#  04,  *!)  an  d  <aw,  e2,  *2)  cn  Fig.  1,  then  with  at 
increase  in  the  wave  distances  Rt2  and  R22  of  the  centers  cf  spheres 
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will  increase  proportional  tc  new  wavelength. 

A  similar  source  is  not  displaced  with  a  change  of  the  frequency 
only  in  such  a  case,  when  it  is  arranged/located  in  the  center  of 
similitude. 

Elementary  similar  source. 

Let  at  the  point,  combined  since  the  beginning  of  the  orthogonal 
coordinate  system,  be  arranged/  located  the  elementary  outside  source, 
which  in  the  limits  of  certain  frequency  band  can  be  approximately 
represented  in  the  form  of  the  three-dimensional  6-function: 

/"(  «i.  «?.  U3)=»aS  (  U|  — -0) S (  u'2 — 0)6(  u'3— 0)  ,  (20) 

where  a  -  composite  constant  vector. 
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Fig.  1. 

Page  34. 

Upon  transfer  to  the  dimensionless  coordinates  this  outside 
current  distribution  will  be  with  an  accuracy  to  constant  factor 
deterainad  also  by  the  6- function: 

io(u oi.  <Ma,  a^)»a6(«Ji— 0)5(“o»— °)  , 

sinca  it  is  obvious  that  a  change  in  tha  length  scale  will  not  change 
the  maximum  form  of  this  function,  determined  asymptotically. 

Since  in  this  case  the  function,  which  expresses  outside  current 
distribution  in  the  dimensionless  coordinates,  does  not  contain 
wavelength,  the  distribution  of  outside  current  (20)  satisfies  the 
conditions  of  similarity. 


The  simplest  elementary  sisilar  sources  are  electrical  and 
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magnetic  dipoles  or  concentrated  sources  outside  emf,  the 
arranged/located  in  the  center  cf  similitude. 

Similar  current  filament. 

Let  us  consider  the  proceeding  from  the  center  of  similitude 
straight /direct,  semi- inf inite  current  filament  whose  cross  section 
is  small  in  comparison  with  any  wavelength  of  certain  range. 

Let  the  current  along  the  filament  in  the  general  case  be  t  be 
traveling  wave  with  the  distribution  of  the  composite  amplitudes  of 


the  following  form: 


«, 

■ - —  kR 

_  —  e  *  rsiEtR 


where 


h-  x„  —  the  length  cf  the  traveling  wave;  —  positive 


value;  0<v<l. 


With  the  independence  frcu  the  frequency  of  parameters  5.  v  and 
kiIk  distribution  (21)  in  the  disensicnless  coordinates  does  not 
contain  wavelength,  i.  e. ,  it  is  similar. 


If  we  exclude  the  elementary  section  cf  current,  which  adjoins 
point  R=0,  then  integral  (4)  fcr  distributing  form  (21)  will  be  that 
converging,  therefore,  will  be  satisfied  the  condition  of  physical 
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realizability. 

By  direct  computation  it  is  easy  to  show  that  the  radiation 
pattern  for  similar  current  (21)  with  6,  K.  k,  andv.  not  depending  cn 
the  frequency,  is  frequency-independent. 

The  condition  of  physical  realizability  is  similar  tc  the  krown 
"principle  of  the  cutoff",  fcriulated  as  one  of  the  conditions,  fcy 
which  they  must  satisfy  frequency-independent  antennas  (1). 

As  it  was  noted  above,  accurately  known  secondary  currents, 
flowing  on  bounding  surfaces,  can  be  examined  as  the  outside 
currents,  which  form  the  field  cf  electromagnetic  system. 

Page  35. 

Since  the  field  in  the  frequency-independent  system  changes  with 
the  frequency  similarly,  secondary  currents  in  this  system  are 
similar  outside  sources. 

Thus,  similar  sources  are  the  distributions  of  secondary 
currents  in  any  freguency-irde f endent  system. 


Por  example,  at  the  specific  frequencies  a  similar  source  is 
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currant  tn  any  log-periodic  system,  in  particular,  in  the  flat/plane 
or  conical  isogonal  spirals  and  in  the  vibrator  ones  and  in  the 
vibrator  log-periodic  antennas.  Intensely  the  radiating  "active 

regions"  in  these  antennas,  as  is  known,  are  moved  with  the  frequency 
in  such  a  way  that  at  frequencies  the  similarities  retain 
constant/invariable  position  in  the  dims nsionless  space. 

Conditions  of  similarity  in  the  presence  of  bounding  surfaces  and  the 
principles  of  the  construction  cf  systems  with  the  weak  frequency 
dependence. 

Let  the  system,  which  contains  bounding  surfaces,  be  excited  by 
a  similar  outside  source. 

In  this  case  for  guaranteeing  a  similar  change  with  the  fiald 
frequency  of  the  system  of  the  requirement  of  independence  from  the 
frequency  of  coefficients  and  current  distribution  in  dimensionless 
equ.  (8)  and  (9)  it  is  necessary  to  supplement  with  the  requirements 
of  independence  from  the  scale  cf  lengths  lo  =  A0  of  the  equation  of 
bounding  surface  (10)  and  invariability  of  the  distribution  on  it  of 
surface  impadanca  in  the  dimetsionless  coordinates. 

Scale  factor  X0  is  eliminated  frcra  the  equation  of  bounding 
surface  (10)  in  such  a  case,  when  this  surface  in  the  real 
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coordinates  changes  with  the  frequency  similarly  and  its  equation 
takes  the  following  fora: 

F(W  Xott*)=0,  (22) 

where  x0  -  wavelength;  —  diaensionless  orthogonal  coordinates, 
which  contain  lengths. 

with  satisfaction  of  ether  conditions  of  similarity  the  register 
of  bounding  surfaces  in  the  diaersicnless  coordinates  at  different 
frequencies  is  a  sufficient  condition  of  the  similarity  of  the  fields 
of  electromagnetic  system  at  these  frequencies.  However,  this  is 
accurate  coincidence  rot  always  necessarily. 

The  structure  of  boundary  in  the  dimensionless  coordinates  can 
change  with  the  frequency  in  scse  limits,  if  this  virtually  is  not 
accompanied  by  changes  in  value  and  distributing  the  surface 
impedance. 

The  example  to  this  bounding  surface  is  sufficiently  dense  foil 
lattice  from  the  straight/direct  parallel  conductors. 

Page  36. 


In  this  case  the  transition  to  the  dimensionless  space  at 
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different  frequencies  is  accompanied  by  a  change  in  the  cascade 
density  and  thickness  of  condcctcrs;  however,  under  specific 
conditions  this  virtually  is  net  accompanied  by  a  change  in  surface 
impedance  [9]. 

Consequently,  the  systems,  which  satisfy  the  conditions  of 
similarity  in  certain  frequency  band,  can  contain  boundaries  with  the 
anisotropic  structures  whose  parameters  sufficiently  slowly  change 
with  the  frequency. 

Let  us  note  finally  that  for  retaining/preserving/maintaining 
the  similarity  cf  fields,  besides  a  similar  change  in  the  currents 
and  bounding  surfaces  with  the  frequency  separately,  is  required  the 
coincidence  of  their  centers  cf  similitude  in  the  real  coordinates. 

As  it  is  easy  to  show,  cnly  with  satisfaction  of  this 
supplementary  condition  the  mutual  location  of  outside  currents  and 
bounding  surfaces  in  the  dimensionless  space  doas  not  change  with  the 
frequency. 

Thus,  for  the  systems,  eacited  by  the  outside  currents  of  one 
form,  sufficient  conditions  for  a  similar  change  in  the  fields  with 
the  frequency  are  the  following: 
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1.  System  is  excited  by  siiilar  outside  sources. 

2.  Porn  and  structure  of  bounding  surface  are  such,  that  upon 
transfer  to  dimensionless  cccrdirates  at  different  frequencies  either 
are  obtained  accurately  coinciding  surfaces  or  is  retained 
constant/invariable  location  cf  boundaries  and  distribution  of 
surface  impedance  on  them. 

3.  Centers  of  similitude  of  bounding  surface  and  similar  outside 
sources  coincide. 

Let  us  consider  the  com  men  principles  of  the  construction  of  the 
electromagnetic  systems,  which  satisfy  these  conditions. 

Any  combination  of  outside  source  and  bounding  surface, 
separately  satisfying  the  conditions  of  similarity,  under  the 
condition  of  the  coincidence  cf  their  canters  represents  the  system 
in  which  the  field  changes  with  the  frequency  similarly. 

Depending  on  the  type  of  outside  source  and  bounding  surface  the 
similarity  can  be  retained  with  a  continuous  change  in  the  frequency, 
at  some  discrate/digit al  frequencies  or  it  will  be  only  approximate 
in  certain  limited  frequency  targe. 
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la  connection  with  this  let  as  conditionally  divide  all  possible 
varieties  of  systems  with  the  potential  frequency  independence  irtc 
three  groups: 


1)  continuously  similar; 


2)  it  is  discrete  or  periodically  similar; 


3)  approximately  or  almost  similar  systams. 


Por  the  character ist ic  cf  the  special  f aatures/peculiarities  of 
the  structure  cf  different  types  of  devices/aquipment,  which  satisfy 
three  conditions  indicated  above,  it  suffices  to  describe  the  form  of 
bounding  surface  and  the  method  cf  excitation  used. 


Page  37. 

Por  this  in  the  examination  of  the  diverse  variants  cf  systems 
with  the  potential  frequency  independence  are  utilized  the  bloc* 
diagrams,  which  contain  only  indicated  fundamental  data. 


As  similar  sources  we  will  utilize  an  elementary  source  and  a 
current  filament.  Thus,  fcr  the  construction  of  the  possible  types  of 
systems  it  remains  to  determine  the  acceptable  forms  of  bounding 
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surfaces. 

Continuously  similar  systems. 

In  spherical  coordinates  (<R,  9,  <p)  the  equation  of  the  surface, 
which  satisfies  the  conditicrs  cf  similarity,  takes  in  accordance 
with  expression  (22)  the  following  form: 

F(MW  e.  cp)  =  0,  (23) 

where  H0  -  nondi mensional  distance  from  the  canter  of  similitude. 

In  the  particular  case  when  surface  is  determined  only  by 
angles,  into  its  equation  scale  factor  does  not  enter;  therefore  the 
conditions  of  similarity  are  satisfied  independent  of  wavelength. 

Such  surfaces  satisfy  the  known  "principle  of  angles”  [1]. 

Examples  cf  continuously  similar  systems,  during  the  appropriate 
location  of  similar  outside  sources,  they  are; 

-  any  conical  surface  with  locked  or  open  guide,  in  particular, 
internal  surface  of  any  cone  whose  finita  segment  serves  as  bounding 
surface  of  horn  antenna; 
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-  any  system  from  several  conical  surfaces,  which  have  the 
overall  apex/vertax:  biconical  systems  of  the  round  cones,  the 
conical  surfaces  of  any  fern  abeve  the  plane,  biconical  systems  from 
the  wedge-shaped  or  flat/plane  elements/cells,  conical  surfaces  with 
the  sector  grooves; 

-  ideally  conducting  key  with  any  angle,  in  particular, 
ha  If- plana; 

-  plane  or  half-plane  with  any  sector  grooves,  which  have 
overall  apex/vertex  and,  etc. 

Each  of  the  surfaces  indicatad  can  be  combined  with  any  fern  of 
a  similar  outside  source. 

The  determination  of  the  centers  of  similitude  of  bounding 
surfaces  does  net  represent  difficulties.  For  the  plane  this  is  any 
point  of  it,  for  the  key  -  any  point  of  edge/fin  and  for  the  conical 
surfacas,  and  also  the  sector  grooves  -  their  apex/vertex. 

It  must  be  noted  that  the  systems  with  continuously  similar 
bounding  surfaces  little  are  studied. 

One  of  the  possible  reasons  for  this  is,  apparently,  failure 
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from  biccnical  V-  antenna,  being  according  to  all  signs/criteria 
classical  frequency-in  dependent  antenna. 

Page  38. 

They  assume  that  the  diagram  of  this  antenna  at  the  finite 
length  of  cones  diverges  from  the  frequency,  although  in  this  case  it 
remains  the  unknown  such  as  the  structure  cf  field  at  the  infinite 
length  of  elements/cells. 

Discretely  or  periodically  similar  systems. 

This  form  includes  all  devices /equipment ,  in  boundary  sxructures 
of  which  the  distances  between  the  elements/cells  and  their 
sizes/dimensions  grow/rise  in  the  geometric  progression.  The  sections 
of  such  structures  I  am  utilized  in  log- periodic  antennas  [  1  ]. 

Simplest  flat/plane  bounding  surface  cf  this  form  is  depicted  in 
Fig.  2.  On  Z-axis,  which  is  the  line  of  similarity,  is  shown 
olemantary  similar  source  1. 


Structure  can  be  characterized  by  the  parameters: 

K.  1;  bjdn  ™  Ci-  (24) 
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On  certain  wave  x0l  distance  rn/x M  from  the  line  of  similarity 
to  the  edge  of  then^lband  is  the  sub  of  the  infinite  geometric 
progression: 

(25) 

d.  • 

_ -  consequently,  on  this  wave 


On  certain  another  wave  A— 

*«» 

1  __  Jti 
A*,  A«i 


It  is  easy  to  show  that  on  the  waves  X01  and  \oz  in  the 
dimensionless  coordinates  all  structural  elements  coincide  precisely, 
including  outside  source. 


The  f ull/tctal/ccmplete  coincidence  of  structures  in  the 
dimensionless  coordinates  is  obtained  on  any  waves  whose  lengths  are 
connected  with  the  known  relaticnshiF/ra  tic: 

IflCj  .  (26) 


j 

i 

4 
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Fig •  2m  Fig.  3. 

Page  31. 

Discretely  similar  will  be  any  part  of  the  structure  in 
question,  limited  by  the  angle  whose  apex/vertex  lies/rests  on  the 
line  of  similarity  (Fig.  3).  Any  combination  of  continuously  similar 
surface  and  discretely  similar  structure  so  represents  the 
periodically  similar  surface  (Fig.  4).  The  center  of  similitude  of 
outside  source  1  must  in  this  case  lie/rest  on  the  line  of  the 
similarity  of  continuously  similar  surface  of  2  (key,  half-plane, 
etc.),  also,  at  the  apex/vertex  cf  the  angle,  which  limits 
periodically  similar  structure  3. 

Analogously  it  is  possible  to  construct  the  periodically  similar 
structures,  which  coincide  with  the  boundaries  of  the  continuously 
similar  surfaces  of  any  fcrms. 

The  group  of  periodically  similar  structures  includes  also  all 
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surfaces,  described  by  the  aquation,  obtained  by  V.  Ruasey.  [1]: 

R  f(Q).  (27) 

On  the  waves  of  siailarity  these  structures  correspond  to  the 
general/common/total  equation  of  siailar  surfaces  (23). 

A  special  case  of  surfaces  (27)  is,  as  is  known,  isogonal 
conical  spiral. 

Let  us  note  that  in  the  lcg-periodic  systems  and  the  isogonal 
spirals  the  location  of  elementary  similar  source  in  the  center  cf 
similitude  is  not  accurately  necessary,  since  in  these  systems  amits 
the  small  region  near  the  resonance  element/cell,  while  the  remaining 
part  of  the  structure  plays  the  role  of  feeder  line;  therefore  the 
displacement  of  source  along  the  system  changes  only  initial  phase  of 
field  in  the  remote  zone. 

Thus,  the  coincidence  of  the  centers  of  similitude  of  source  and 
boundary  structure  is  net  it  a  number  of  cases  the  necessary 
condition  cf  siailarity. 

At  the  same  time  during  the  construction  of  complicated  systems 
from  frequency-independent  elements/cells  the  coincidence  of  the 
centers  of  similitude  of  boundary  structures  is  the  necessary 
condition  for  a  similar  change  in  the  field  of  system  with  the 
frequency. 
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Approximately  or  almost  similar  systems. 

The  example  to  approximately  similar  surface  is  semi- infinite 
foil  lattice  from  the  straight /direct,  parallel  conductors, 
arranged/located  at  a  distance  cf  d«X0  one  from  another  and  having 
diameter  small  in  comparison  with  distance  of  d. 

The  straight  line  of  the  shear/section  of  this  grating,  which  is 
the  line  of  similarity,  can  te  arranged/located  both  perpendicular  to 
the  conductors  and  at  angle  tc  them. 

In  certain  frequency  band  the  grating  indicated  in  the 
dimensionless  coordinates  has  fixed  shape  and  virtually 
constant/in  variable  distribution  of  anisotropic  surface  impedance, 
consequently,  satisfies  the  conditions  of  similarity. 
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Fig.  5. 


Page  41. 


Angular  groove  from  the  grating  in  guestion  so  is  boundary 
similar  surface. 
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Is  possible  the  use  cf  combination  by  uniform  and  periodically 
similar  of  gratings.  Fig.  5a  ard  5b  shows  two  possible  forms  of  such 
approximately  periodically  sisilar  structures. 

In  both  cases  at  point  0  is  located  the  center  of  similitude. 
Line  OA  represents  a  similar  current  filament.  The  finite  segment  of 
structure,  shown  in  Pig.  5a  by  dotted  line,  excited  by  narrow  slot 
with  generator  1  and  matched  impedance  to  2,  is  the  analog  of 
traveling- wave  antenna  with  the  anisctropic  radiating  fabric. 

Almost  similar  bounding  surface  is  also  key  on  surface  of  which 
it  is  arranged/located  wedge-shaped  rack/ccmb1  (Fig.  6) . 

FOOTNOTE  1  The  claim  "wedge-shaped  rack/comb"  No.  1260620/26-9  of  7 
August,  1968,  ENDFOOTNOTE. 

It  is  assumed  that  the  plates  of  rack/comb  2  are  arranged/ located  at 
equidistance  of  d<<A0.  Hedge  angle  can  be  arbitrary.  The  center  of 
similitude  of  source  must  be  arranged/located  on  the  edge/fin  of  key, 
as  shown  in  figure  for  the  case  of  elementary  source  1. 

In  this  case  upon  transfer  to  the  dioer.sionlass  coordinates  at 
different  frequencies  are  obtained  the  wedge-shaped  racks/combs, 
which  are  characterized  by  only  the  denseness  of  the  location  of 


l 
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plates,  that  at  sufficiently  lew  values  of  d/X.0  it  does  not  lead  to  a 
substantial  change  of  distributing  the  surface  impedance. 

The  exaaplas  examined  shew  possibility  on  the  basis  of  simple 
geometric  considerations  to  arrange,  or  to  synthesize  a  larger  number 
of  diverse  electromagnetic  systems  with  the  potential  frequency 
independence. 

At  the  finite  length  each  of  such  systems  is  antenna  with  the 
weak  frequency  dependence  whose  possible  operating  range  it 
grews/rises  with  an  increase  in  the  sizes/dimensions. 

Together  with  the  known  frequency-independent  antennas  into  this 
class  enter  continucus-similar/such  systems,  which  possess 
sufficiently  high  directivity. 
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Fig.  6. 


Page  42. 


Conclusion . 


The  use/application  of  methods  of  theory  of  similitude  to  the 
examination  of  the  bou ndary- value  problems  of  electrodynamics  makes 
it  possible  to  formulate  the  sufficiently  general  conditions  of  the 
eiectrodynamic  similarity  whose  cse  gives  the  possibility  to 
synthesize  the  broad  class  of  electromagnetic  structures  without  the 
losses,  which  possess  potential  frequency  independence. 

In  the  discussion  of  work  took  part  G.  T.  Harkov,  Ya.  S.  Shifrin 
and  P.  B.  Chernyy,  for  which  the  author  expresses  to  them  his 
gratitude. 
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Natural  and  mutual  conductivities  of  half-wave  slots,  arbitrarily 
oriented  on  the  conducting  surface  of  circular  cylinder. 

I.  F.  Dobrovol'skiy,  V.  M.  Klyuyev,  A.  I.  Bogachev. 

On  tha  base  of  the  representation  of  the  functions  of  Hankel 
with  Airy’s  functions  are  fcund  the  asymptotic  expression  of  improper 
integral,  giving  tangential  components  of  field  on  the  surface  of  the 
ideally  conducting  cylinder,  excited  by  magnetic  currant. 

The  obtainad  analytical  expressions  are  applied  for  the 
calculation  by  the  method  of  the  induced  by  emf  external  their  own 
and  mutual  conductivities  of  the  arbitrarily  oriented  half-wave  slots 
on  the  cylinder  of  comparatively  large  radius  (ka>l0). 

Are  given  the  results  of  rumerical  calculations  for  different 
orientations  of  slots. 

Introduction. 


A  precise  calculation  of  the  radiation  pattern  of  the  gratings 
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of  slots,  evaluation/estimate  cf  agreement  and  broad-band  character 
of  system  and  decoupling  are  far  not  the  full/total/complete 
enumeration  of  the  problems  whose  solution  requires  the  determination 
of  the  f ull/total/coaplete  its  cwn  and  mutual  conductivities  of 
slots,  often  taking  into  account  of  their  curvature  and  finite 
dimensions  of  screen.  Known  results  about  the  conductivity  of  slcts 
on  the  cylindrical  surface  in  essence  concern  the  active  component  of 
the  conductivity  of  the  r adiatic n/emission  of  single  slot  either  they 
relate  to  the  limiting  cases  of  longitudinal  or  transverse  slots. 

Are  obtained  below  expressions  for  the  external  conductivities 
cf  the  half-wave  slcts  of  arbitrary  orientation,  arranged/ located  on 
the  surface  of  the  conducting  circular  cylinder  of  a  large  radius. 


Initial  ralaticnships/ratios. 


Determining  the  slot  of  the  constant  width  d  and  the  length  1  in 
accordance  with  [1],  on  the  basis  of  method  of  MDS  we  will  obtain 

f,  If,  lnEn(u',o'ma,u.v.u’y)dSl,\jnEm{u,v))dSm 

Kn  i  :  □  J  sm  i  J  1 

mn  ~  umn  T  1  amn  - - 


VmVn 


(1) 


where  G(a,  u,  v,  u',  y')  -  the  tenser  of  Green  of  the  exterior  of 
cylinder; 


u,  v,  u*,  v *  -  arc  length  alcrg  the  appropriate  geodetic  lines; 
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Vr*  Vn  -  voltage  on  the  slots: 

n  -  the  unit  vector  of  external  normal  to  the  surface  of  cylinder. 

Let  centers  n-  and  the  a-th  of  slots  be  located, 
correspondingly,  at  points  (a,  c,  o)  and  (a,  *,  z)  cylindrical 
coordinate  system  (p,  *,  2). 

Page  44. 

Counting  slot  sufficient  narrow  (d<<l)  and  being  limitad  to  the 
most  important  for  the  practice  case  of  "inclined”  slots  (V=\/2)  , 

nE  (u,.  v)  =«p^^£  (u,  v)=*v9V<t>  (u)  cos  to,  (2) 

2«  2 

where  —  —  wave  number;  A  -  electrostatic  function, 

which  describes  the  transverse  dependence  of  tangential  field  cn  the 
slot;  11 0,  t’o  —  the  unit  vectors  of  the  positive  direction  cf  geodetic 

lines,  ~u^  coinciding  with  the  direction  of  electric  field  to  the  slot 
and  the  vectors  p0,  u0,  v0  is  formed  tha  right-handed  triad.  Then  for 
mutual  conductivities  £1] 
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Tangential  magnetic  field  of  slct  on  the  surface  of  cylinder. 

The  vector  of  the  full/tctal/complete  magnetic  current  J#  which 
flows  along  the  slct  (segment  cf  the  geodetic  line  cf  circular 
cylinder) ,  can  be  represented  in  the  form 

7  =  V  cos  a  cos  kv  cp9  -f  V  sin  a  cos  kvz^,  (4) 

where  a  -  angle  between  the  positive  direction  of  helix  and  plane 
z=const#  positive  reference  direction  a  -  counterclockwise . 

Substituting  (4)  into  internal  integral  (3)  ,  in  accordance  with 
the  determination  of  the  tenser  function  of  Green  [ 2  ]  we  will  obtain 
for  the  tangential  magnetic  field  on  the  cylinder  the  following 
expression: 

Hiiv,  2)  =  Hzz0  +  H9y0l  (5) 

where 

Ht  =  Vn  j^cos [kv'{z\  <p')J  [sina„r„  +  coso„r«pJdo'(z'.q)')f 

IU  -  Vn  \,  COS  [kv'{z\  <p')j  [sin  0,^1  + cos  a, rw]  do'  (z\  <p'). 


It  is  possible  tc  shew  that  on  the  surface  of  cylinder  (with 


p-a) 


^  4.t^  ('C2+  dz'l  ,P’’  r^~r«  = 


<?> 


- —  K?  —  — -  T, 

.  4nlu)(j  d(<r  -p)*J 


4nsf.)(i  d  (n 
**  1 


v,  (6) 


’  >  ,  » 
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where 


g— l/l(  *— 2 ' ) 

(k*-_A*)‘/2  ^ 

~  —  am 


e — i**(V — <p') 


Hp  (a  VU^n?) 
- - dh. 

H nV  (  0  V  k1-  A*) 


&  precise  value  for  the  tangential  magnetic  field  of  the  slot  of 
arbitrary  oriectation  on  the  surface  of  cylinder,  obtained  from  (5) 
and  (6)  ,  inconveniently  fcr  the  numerical  calculations  due  to  are 
slow  convergences  of  series.  After  using  results  [ 3]  for  the 
functions'^,  it  is  possible  to  obtain  the  approximation,  valid  fcr 
large  radii  of  cylinder  (ka>1C):  where 

— 2wc  — f(y). 


a 


f(y) 


-M-'tV'  (2—2')*  +  [a(Tp—f')r, 

.  l/nl  -v  I  l/  *  7y*  !&) 

1  V  2  4  +,20  +  y  2i  102*+  •  •  ■ 


(7>- 


Ma.lbtx  T, 


fiojibunix  t, 


V  a  /  Mr«i 


Key:  (1),  where.  (2).  for  small  ones  r.  (3).  for  large  ones  r.  ( «)  . 
roots. 

8*  (t)  -  the  derivative  cf  Airy's  function.  Substituting  (6) 
taking  into  account  (7)  in  (5),  introducing  the  replacement  of  the 


t 
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variable/alternating 

KZ  —  Z,  =  KZ'  CSC  O,  =  KCL  <{>'  SC  O,  =  Y 


(8) 


and  considering  integrals  in  (5)  as  line  integrals  1-ro  of  the  type, 
for  the  half-wave  slot  we  will  obtain,  by  producing  integration  in 
parts  and  taking  into  account  that  f  (y)  -  the  slowly  varying 
function: 

„  i  KVn  f  r  e-l  *i,  .-I  r„  1 

“  5T®7  {sm  a»  [  rh  f  f  (l/»)  ]  + 


[  e~‘  fi“ 


Z  sin  an  -f  X  cos  a„  +  — 

4-  cos  a„  [  -  f  (yi) - — - r - —  4- 


X  sin  b„  —  Z  cos  a. 


Zsina^  +  Xcosa* - 

h—tw>  2 


X  sin  an  —  1  cos  a* 
r»  l  (  f  e-W||  1 

^  ■■  25TW7  (cos  a«  l-*,,  f  tei)  f  (Pt)j  — 


(9a) 


— sina„ 


•My  i) 


Z  sin  a,  4-  X  cos  a„  +  — 


X  sin  a„  —  Z  cos  a, 
a 


w 

rae 


_IR„  z  sin  a*  +  X  COS  a„  —  -j- 

h— ^ — f  (y^)  2 


*■« 


X  sin  an  —  Z  cos  a„ 


(96). 


i^Z sin a*  +  X cos a„  +  -y- j  4-(Xsina„ — Z cos  a,)3 


(X±  fcosa,)' 


r» 


Key:  ( 1)  .  where. 


J 
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Page  46. 

In  the  limiting  cases  of  longitudinal  and  transverse  slots  those 
obtained  expressions  coincide  with  appropriate  expressions  [  3]. 

Mutual  conductivities  of  half-wave  slots,  arbitrarily  oriented  on  the 
surface  of  round  cylinder. 

Introducing  the  new  system  of  coordinates  (Fig.  1) , 

Si  X-X«+5; 

2-mn  ■  Ram  ®wii 

X-mn  *  Rmn  S>n  2  CSC  £X«  *  2  SC  dm  =  7] 

(10) 

(where  Zmn  and  Xmn  -  coordinate  of  tha  center  of  the  m  slot  in  the 
old  coordinate  system)  ,  we  will  obtain  from  (3)  ; 
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Fig.  1. 

Page  47. 

With  the  help  of  the  replacements  of  the  variabla/alternating  of 
the  typa  Ru±r\  and  the  resolution  of  the  obtained  integrard  into 
the  common  fractions  finally  ae  will  obtain,  dividing  the  real  and 
imaginary  parts: 

Qm  ™  ~  *  ■  [8e  f  (i/u)Qu + Ta  Jm  f(yu) + QuRtfiyu) + 

V>»  w  Q 

+  Tu  Jhi  f  (jfa)  +  On  R*  f  (yn)  +  7*11  Jtn  f  (^n)  +  Q*»  Rc  f  (</a)  +  T'ai  Jm  f{yn)  J 

(12) 

1_-  (QuJnif(ju) — TixRtf  (i/u)  +  Qu  Jni  f (i/u) — 

W  lr  | 

—  Ta  Rtf  (Vu)  +  Qn  Jm  f  (Pu) — Tji  Re (ifa)  +  Qtt  f  C P») — 7* »  R®f  (yn)l» 

(13> 
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where 


Vn.a' 


y  «.«' 


±  JCMO,  ± 


»  1* 

T*S_ 


mV~B\a 


[■ 


Rmn  sin9™,  *  —coscen± 


n  y 

Tca,<Xn\ 


fli.a  ™  'y/ ^L,  4-~U4cos(am— < “^1  ±  n  fl/w.  Isin  (a,  4  9™,)  4 

4  S*n  (a»»i  4  ®mn)]  . 

Ai.a  »  |/* ^  +  Y  ll  —COS  (a*— On)l  +  «/?„*,  [sin  (a,  4  B„„)  — 

—sin  (a*  4  8,*,)], 


n  _o  «**(<*..  4  ft**)  ±cos(a„-f  8m(I) 

^  *(ST^j  • 

Qii.u—  — {cosDilCi  (|fli,a — Oil)  4Ci  (ifli.*  +  0l|)]4- 
4 cos  D%  [Cl  (| B\  ,i  4  D%  +  ni)  4  Ci  ((Bi, j — Dt  -t—  «i)  I  -f- 
+sinDi[Si  (Bi.j  +  Oj) — St  (Bi,2 — D014 
4  sin Di  [Si  (Bi,24Dj4r) — Si  (Bi.j — O*  +  n)]}, 

T'w,zi,a  — {cosDi[Si  (Bi.j — Di)  4  Si  (Bv^  +  Di) — Jt[4 
4-  cos  Dt  [Si  (Bi  .2—  D,  +  «)  4  Si  (Bi  ,2  +  Dt  ±  *) — *1  4 
B+sin  DilCi  (|Bi,j — Dii) — Ci  OBj  ,2  -+-  OiOl  4- 
4sinD1[Ci  (Bi,* — 0*4-  *1) — Ci  (|Bi,24-4?i +«!)!}, 


Q12.21  =*  (cos  Di  [Ci  (iAj  ,2—  D\  i  n)  4  Ci  (\A[  ,2 4 Di  4"  ni)l  4 
*r  cos  Dt  [Ci  (|<4i,2  —  Dt  1)  4—  Ci  (|Ai,2  4^ji)]  4  sin  Di[Si  (At, 2  4^i4"  R)~" 
—Si  (At  ,2 —Dx  4;  «)]  4-  sin  Dt  [Si  (At,2  4  D,)  —  Si  (At  ,2— Df)]}, 

T\2,2 1  =»  (cos  D 1,  (Si  (Ai  .2 — D\  n)  4"Si  (/4|  ,2  +  Dj  4"  n) — n]  4 

-t -  cos  D»[Si  (At  ,2 — Dj)  Si  (At  ,2  4  Dii  —  nj  4  sin  Di  [Ci  ([A  1  ,2~~Di  4  **!)— 

—  Ci  v.Ai  ,2  40i4  ri|)i  -rsin  Dtl  Ci  (At  ,2 — 02-n|) — Ci  (!  A1.2  4^jJ)l}. 

Ci  tx\  C  Mi  At  Si  (xW  \  Mi  dt . 


In  the  extrene  case  cf  parallel  longitudinal  slots  («».  “oB 
centers  of  which  are  arranged/lccated  on  one  line  z*const  |9m«“ 
of  infinite  plane  /ka=-|,  (12)  and  (13)  they  coincide  with  the 
known  ra  suits  for  the  one-sided  slots  on  infinite  plane  [4J» 


k 
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Page  50. 

Intrinsic  conduction  of  half-wave  slots,  arbitrarily  oriantod  on  tha 
surfaca  of  circular  cylinder. 

Por  obtaining  ths  intrinsic  conduction  of  slots  it  is  necessary 
to  consider  the  final  width  of  slot  [1]. 

Substituting  (2),  (6),  (7)  in  (1)  and  taking  into  account  that 

u,  u*,  v,  v'  -  arc  length  of  helixes,  is  possible  to  easily  shew  that 
for  tha  half-wave  slot 

2.  ii  2.  *L 

Y"-zk  j'  1  +  f  |  _ 

JL  dL  n  d* 

~  2  ~  2  2~T 

_l  /(V-Vl'+tU-W’)* 

X  --  f (u) dVdV’dUdU\  (14) 


whera 


V**KV,  V'  =  kv\  U  * KU,  U’  =  KU',  d'  =  Kd, 
„  __  [(V  —  P*)  QMan  —  (U—U')  sin  an)* 
y  k a  V(U  —  U')* (V  —  V')* 


L 


I 


I 
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Differentiating  twice  under  the  internal  integral  and  talcing 
into  account  that 


Vf 


e-l  V[V-V)'+W-U')‘ 

w  [y  (V —vy  +  (u -u‘)' 


fly) 


d_ 

~dV‘ 


V  (v-vy  +  iu—u')* 


f(y ) 


after  the  necessary  conversions,  dividing  real  and  imaginary  parts 
we  will  obtain: 


G„„ci  — i-  j  C  +  in  2«—  Ci  (2«)  +  cos*  a  Si(2n)l  , 

lnw0  i  area 

Bnn  ci  —  UTJSi  (2n)  +  —  cos*  a  [in  2a — C+Ci  (2a— In  —  }  , 
2a  (  8#ax  1_  4  JJ 


(15) 


where  C=0.5772. 

Passing  in  (15)  to  the  limit  with  ka->«  (infinite  plane)  ,  we 
will  obtain  well-known  expression  for  the  half-wave  slot  on  the 
infinite  place,  which  radiates  into  the  hemisphere. 
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Characteristics  of  antennas  with  frequency  bean  swinging. 

D.  B.  Zinin,  V.  S.  Losev. 

i 

In  the  work  are  determined  the  characteristics  of  the 
line-source  antennas  with  frequency  beam  swinging,  intended  for  the 
use  in  the  flat  antennas  with  wide-angle  beam  swinging  in  two  planes. 

It  is  claimed  that  for  obtaining  the  high  electrical 
characteristics  in  the  flat/plane  antenna  arrays  it  is  expedient  to 
utilize  the  line-source  antennas,  constructed  on  the  base  of  the 
waveguide  kite  circuits  with  the  waveguide  bends  in  the  plane  cf 
magnetic  field. 

One  of  the  methods  of  the  construction  of  flat/plane  antenna 
arrays  with  wide-angle  electrical  bean  swinging  is  the  use  of  a 
frequency  response  method  of  team  swinging  in  one  plane  and  "phase" 
(with  tha  help  of  ths  electrically  controlled  phase  inverters)  -  in 
another.  In  this  case  antenna  fabric  is  assembled  from  the  separate 
line-source  antennas  with  frequency  swinging  of  beam  (rules)  ,  each  of 
which  is  excited  through  individual  phase  inverter  [1]. 


! 
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For  beam  swinging  in  the  cone  with  the  apex  angle  of  40-90° 
necessary  is  the  low  pitch  of  emitters  and,  therefore,  a  small 
transverse  size/ dimens  ion  of  role  -  0.7x-0.58\,  what  is  one  of  the 
serious  requirements,  presented  to  the  rule. 

Another  obvious  group  of  the  requirements,  usually  presented  to 
the  rule,  are  the  requirements  of  high  electrical  characteristics 
(large  throughput,  low  losses,  the  linearity  of  angular-frequency 
characteristic),  moreover  for  each  of  these  characteristics  it  is 
possible  to  indicate  potential,  aaxiaally  high  value. 

Maximally  high  throughput  cf  line-source  antenna  with  frequency 
beam  swinging  it  is  logical  to  consider  the  power,  passed  by  flat 
rectangular  waveguide  of  the  corresponding  wave  band. 

It  will  be  shown  belcw  that  it  is  possible  to  propose  such  rules 
circuits  of  which  they  possess  throughput,  which  virtually  coincides 
with  the  maximum. 

Th'  installaticn/setting  up  of  emitters  leads  to  certain 
weakening  of  dielectric  strength  of  circuit,  but  not  in  the  larger 
measure  than  in  wavaguide-slct  type  usual  antennas.  Speaking  in  ether 
words,  a  decrease  in  throughput  can  and  not  be  the  specific  character 
of  antenna  with  frequency  beas  swinging. 
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Maximally  low  losses  (or  maximally  high  efficiency)  has  the 
rale,  constructed  according  to  the  parallel  diagram,  in  which  the 
excitation  of  each  emitter  is  realized  from  the  single  input  with  the 
help  of  the  segments  of  waveguides  with  the  progressively  increasing 
length. 

Page  52. 

The  diagram  of  this  rule  (waveguide  prism)  is  shown  in  Fig.  1, 
where  it  is  marked: 

1,  2,  3,  ...,  n  -  emitters; 

nF  -  unguided  phase  inverters; 

L  =nl  -  segments  of  the  feeder  lines,  which  connect  N  of  the 
outputs  of  adder  I  with  the  emitters.  Kit  hout  examining  a  question 
about  the  practical  realizability  of  a  similar  diagram  (by  tne  way, 
very  doubtful  in  the  case  of  antenna  to  any  extent  .large  length)  ,  let 
us  find  its  efficiency,  disregarding  losses  in  the  adder  and 
considering  that  the  length  of  the  first,  shortest  waveguide  Lt  (see 
Fig.  1)  . 


is  equal  to  zero 


DOC  =  81082604 


PAGE 


/0  (je 


With  the  symmetrical  adder  when  losses  in  the  segaents  of 
waveguides  fora  geoaetric  progression,  it  is  easy  to  obtain  the 
following  expression  for  efficiency: 

1 - jSTT—  ■  (0 

where  8  -  attanuation  in  the  coupling  waveguides; 


LW=N1  -  naxiaua  length  of  coupling  waveguide; 


N  -  total  nuaber  of  emitters  in  the  rule; 


1  -  difference  in  the  lengths  of  two  adjacent  waveguides. 


Difference  in  the  lengths  of  adjacent  waveguides  -  1  and  their 
width  -  a  determine  the  angular-frequency  sensitivity  of  waveguide 
prism  and  the  sector  of  frequency  beaa  swinging.  From  the  phase 
relationships/ratios  for  the  boundaries  of  the  sector  of  oscillation 
it  is  possible  to  obtain  the  following  relationship/ratio,  which 
connects  sizes/diaensions  1  and  a  with  the  boundaries  of  sector  0f, 
and  9/,  and  the  limits  of  a  change  in  frequency  tlf  f2: 


/  6  3 

t  *  * 


Fig,,  L  - 


~4i 


V  Wli 


I  // 
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>0/ 


a 

A* 

ii 

1  /. 

"'I 

0  ’ 
m —  — 
2n , 

/  -(£)• 

^8 

v~ 

F)‘ 

(2) 


(3) 


where 


B 


m 


_ /i 

3"  *.  /> 


sin  8 


/i 


m 


_  J?L  _  *L  A 

2n  A,  /. 


sin  8 


f* 


f0  -  midband  frequency; 

m  ~  1*  2  f  3 1  4  .  •  •  * 

P  -  supplementary  phase  displacement  between  the  adjacent  emitters, 
created  due  to  connection  of  phase  inverters  into  the  channels  of 
emitters; 

d,  -  step/pitch  of  emitters  alcng  the  axis  of  rule. 

Subsequently  is  utilized  also  designation  df  -  the  distance 


between  ranters  of  rules  in  the  plane  of  antenna  fabric 
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Maximally  small  ncnuniformity  of  angular-frequency  sensitivity 
(UChch)  has  the  antenna,  assembled  on  parallel  or  series  circuit  with 
the  use  of  the  air  twin-lead  cr  coaxial  lines,  for  which  there  is  no 
dispersion  (group  and  phase  speeds  are  aqual)  .  Let  us  show  this,  for 
which  1st  us  record  UChCh  in  the  following  fora: 

(4) 


.  —  ^ 


± 

f 


cos  9/ 


m — — 
l  2 aid, 


r 


j 

where  Yr5"  —  -  geometric  delay/retarding/deceleration,  equal  to  the 

relation  of  the  length  of  the  segment  of  the  waveguide  line, 
connected  between  two  adjacent  emitters,  to  the  step/pitch  of 
emitters; 


r  -  phase  delay/retarding/deceleration. 


0 

Expressing  value  )  through  the  group  and  phase 

delays/retardings/deceleraticrs  in  the  normal  position  of  ray/baam 


sin9/l, 2^  j  ff[  TrT"-( 


m 


2ji 


K  /.  ’ 


let  us  rewrite  (4)  in  the  following  form: 


Yk 


i 


co$9f  X, 


fia.  fn  +!±  J_  dy  ■ 

d/  f  df  y„  dj_ 

t  J 


(5> 

1*3) 

(7) 
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Proa  (7)  it  is  evident  that  OChCh  of  line-source  antenna  is 
coeposed  of  two  aeebers,  who  depend  on  the  frequency  and,  therefore, 
that  contributes  its  contributicn  to  tha  nonuniforaity  UChCh  with 
beam  swinging.  However,  on  the  type  of  circuit  depends  only  second 

(fy 

componec t/t ara/addend,  which  can  be  eqnal  to  zero  when  •£-  ■•0,  i.e. 
in  the  absence  of  dispersion. 


Nonuniforaity  UChCh  usually  is  computed  according  to  rha  foraula 

bA~±  100%  Ml  “--^-  +  100  .y  %.  (8) 

2Atf  —  At  +  At 

where  At  and  A2  -  OChCh  on  the  boundaries  of  the  sector  of  frequency 
beam  swinging. 


Proa  foraulas  (8)  and  (9)  it  is  possible  to  calculate  minimum 
nonuniforaity  UChCh  for  the  syumstrica  1  relative  to  standard  sector 
of  beaa  swinging: 

A/U.-±  100^  %.  (9) 


In  this  case 


A /  .  i  A -ft 

U  2 


(10) 


In  paragraph  A)  Table  1  are  given  all  enuaerated  aaxioua 
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characteristics  for  two  wave  bands  at  the  length  o£  line-source 
antenna  to  *100  X  and  average/mean  angular-frequency  sensitivity: 

A  _  =  <•>  IK*}  ' 


(iinnoneam  tacmomtt 


(B,t  -e«  -17,5";  U  -0,965  /*  1,035  f9). 


Key:  (1).  Deg.  (2).  percentage  cf  frequency. 

during  the  calculation  of  losses  according  to  formula  (1)  it  was 
assuaed  that  the  waveguides  were  prepared  from  aluminum  and  have  the 
height  b=0.45x.  This  height  of  waveguide  provides  the  possibility  of 
the  order  of  rules  with  the  step/pitch  =0.5  A‘).  that  it  makes  it 
possible  to  obtain  the  sector  of  the  phase  oscillation  2A0]=18O°2). 


POOTHOTE  i.  In  this  case  the  waveguides  in  the  aperture  of  prism  will 
be  joined  by  narrow  walls. 


*,  This  value  2<i0»  is  obtained  only  from  condition  of  single-ray  beam 
swinging;  under  actual  conditions  it  is  hardly  expedient  to  approach 
sector  of  scanning,  greater  than  ♦-US0,  for  which  is  sufficient 
step/pitch  of  emitters  o.58X.,» 


ENC FOOTNOTE 
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Table  7. 


p> 

CeKTop  $antoro 
kimhim  nyu,  tpa < 

T51 - 

Pup.aMK  MoutHaerk,  Mtm, 

.  npM  p*minimA  X,  cm 

I  »> 

|  at  npk  pu/imHO*  X.cn 

(Ml 

HtpaanoMcp-1 
nocTk  yMM.  H 

\  10 

:  3 

10 

1  3 

,  1 

a)  ripejeawHue  xapaKTepiiCTHKH 

o 

H 

13 

;  i.3  ! 

0.92 

0.86 

±4 

n  B)  XapaKT€pHCTHKH  ,'iHHeHHOl't  aHTCHHbl  j 

c  E-3B 

21 

1.2 

1  o.  11.  ! 

0.62 

0,45 

±9.6 

fl)  XapaKTepHCTKKH  .llliieAHOH  3HT6HHU 

c  H-3B 

±90 

10.6 

0.96 

i 

0.84 

0.75 

1 

±9.6 

1 

Key:  (1)  the  sector  of  phase  swinging  of  bean,  deg.  (2).  discharge 
power,  MW,  with  different  A,  cm.  (3) .  efficiency  with  different^  (4) 
Nonuniformity  UChCh,  o/o.  (a).  Maximum  characteristics.  (b)an<L(0 
Characteristics  of  line-source  antenna* 

Page  55. 

During  the  calculation  of  discharge  power  was  assumed  1  that 
rectangular  waveguide  has  a  section  0.72  Xx0.45  X,  and  dielectric 
strength  of  air  is  equal  to  29  kV/cm. 

POOTNOTE  *.  The  passed  (worker)  and  discharge  power  differ  to  the 
safety  factor,  equal  to  1.5-4  [5].  ENDPOOTNOTE. 

Types  of  rules  with  the  characteristics,  close  to  the  maximum  ones. 
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Ha  will  be  bounded  to  the  examination  only  of  series  circuit  of 
the  construction  of  rule  (with  the  use  of  a  circuit)  and  will  shew 
that  in  a  nuaber  of  cases  of  the  characteristic  of  circuit  (and, 
consequently,  of  rule  as  a  whole)  they  can  be  close  to  the  maxim ua 
ones. 


The  angular-frequency  sensitivity  of  rule,  as  it  follows  from 
works  [2],  is  determined  by  angle  of  radiation  and  by  group 
delay/retarding/deceleration  Yrp.  which  can  be  recorded  in  the  ferm 


where  7  -  phase  delay/retarding/deceleration  in  the  waveguide  of 
lines; 


dv 

--  -  term,  which  characterizes  dispersion; 


-  geometric  delay/retarding/deceleration; 


1  -  segment  of  the  waveguide  line  *,  connected  between  two  adjaceni 
emitters. 


POOTJfOTE  *,  By  waveguide  here  and  throughout  is  understood  any 
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canalizing  system.  BNDFOOTNOTE. 

Using  tha  method  of  obtaining  the  assigned  group 
delay/retarding/decelaration  tha  circuits  can  be  somewhat 
conditionally  decomposed  intc  the  classes  strong  and  weakly 
dispersive  ones. 

In  the  highly  dispersive  systems  the  necessary 
delay /retarding/decele rat  ion  is  composed  of  phase 

delay/retarding/deceleration  and  dispersion  with  1/df  —  1  [3];  in  the 
weakly  dispersive  systems  the  value  of  group 

delay /retar  ding/ deceleration  determines  factor  1/d^  >>1 ;  therefore 
such  circuits  occasionally  referred  to  as  geometric  [3]. 

The  highly  dispersive  ones  include  the  systems  with  ground 
waves,  and  also  periodic  waveguide  systems,  whose  each  period  is 
formed  by  the  strongly  reflecting  waveguide  heterogeneity  (for 
example,  flanged  waveguides,  system  "finger/pin  into  tha  finger/Fir." 
and  the  like)  . 

The  weakly  dispersive  circuits  include  tha  periodic  waveguide 
systems  whose  each  period  is  formed  by  the  waveguide  heterogeneity 
(curvature)  with  the  negligible  coefficient  of  reflection;  necessary 
group  delay/retarding/decelaraticn  is  hare  obliged  to  the  simple 
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geometric  elongation  of  the  path  of  motion  of  electromagnetic  energy 
(for  exaaple#  waveguide  spirals  and  d,Olls  during  the  appropriate 
selection  of  the  curvatures  of  the  ensuring  smallness  reflection 
coefficients) . 

Page  56. 

In  the  highly  dispersive  circuits,  in  contrast  to  the  weakly 
dispersive  ones,  are  always  regions  with  the  increased  concentration 
of  electrical  and  (or)  magnetic  fields  and  consequently,  with  the 
incraased  concentration  of  surface  currants.  This  is  the  direct 
consequence  of  the  increased  dispersion  of  system  and  imply  an 
increase  in  the  ohmic  losses,  a  decrease  in  the  uniformity  uchCh  and 
a  sharp  decrease  in  throughput  in  comparison  with  the  analogous 
characteristics  of  the  weakly  dispersive  circuit  during  the  same 
average  group  delay/retarding/deceleration. 

The  only  useful  property  of  the  highly  dispersive  circuits  (but 
sometimes  by  very  important) ,  which  also  there  is  a  consequence  cf 
the  presence  of  regions  with  the  increased  concentration  of  fields, 
is  the  decrease  of  overall  sizes. 

Thus,  circuit  with  the  high  electrical  characteristics  should  be 
sought  only  in  the  class  of  the  weakly  dispersive  circuits  -  kite  and 
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spiral  waveguides.  By  fundamental  difficulty  during  the  construction 
of  a  similar  system  is  obtaining  low  reflection  coefficient  from  the 
separate  curvature  with  the  observance  previously  the  size 
limitations  indicated;,  other  conditions  being  equal,  it  is  better 
than  the  characteristics  of  that  system,  in  which  most  completely  are 
utilized  the  overall  sizes,  i.e.,  for  the  assigned  step/pitch  of 
emitters  d^  and  df  and  assigned  angular-frequency  sensitivity  are 
used  maximally  possible  sizes/dimensions  of  waveguides,  and  the 
distribution  of  electromagnetic  energy  in  them  is  maximally  even, 
without  the  local  concentrations. 

Taking  into  account  these  considerations  let  us  attempt  to 
design  circuit  with  the  characteristics,  close  to  the  maximum  ones. 
Preliminarily  let  us  measure  off,  that  the  systems  on  the  base  of 
lines  with  the  wave  TEH,  although  they  possess  the  maximally  small 
nonunif ermity  of  angular- frequency  sensitivity  and  easily  satisfy  all 
size  limitations,  they  are  distant  from  the  circle  of  the  searches 
for  circuit  it  was  throttled/tapered  -  from  the  optimum  according  to 
such  most  important  indices  as  losses  and  throughput.  This  is  the 
consequence  of  the  fact  that  the  wave  TEH  can  be  only  transmission 
mode  in  the  systems  whose  transverse  sizes/dimensions  are  much  lower 
than  the  wavelength,  the  at  the  same  time  assigned  step/pitch  of 
emitters  *0.  55 X-0. 7X)  can  be  snsured,  utilizing  circuits  on 

the  base  of  the  lines  whose  transverse  sizes/dimensions  are 
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coaaeasurated  with  the  wavelength  -  usual  rectangular  waveguides  with 
wave  aot«  Pros  the  waveguide  weakly  dispersive  systems  it  is  possible 
to  immediately  reject/throw  waveguide  spirals,  since  during 
sufficiently  large  delay/retarding/deceleration  f yrp> 3.5>  thair 
transverse  overall  size  dees  ret  make  it  possible  to  obtain  the 
required  stap/pitch  of  emitters  . 

Page  57. 

Thus,  the  circle  of  the  searches  for  circuit  from  which  most 
natural  for  the  use/application  in  the  antennas  with  frequency  beam 
swinging  seems  the  (LOil  with  the  180°  curvatures  in  the  plane  of 
electric  field  and  with  the  eaitters,  axcitad  of  each  curvature. 
However,  Pig.  2a,  where  is  shown  the  diagram  of  this  snake, 
immediately  shows  deficiencies/lacks  in  a  similar  system;  for 
obtaining  the  sufficiently  lew  pitch  of  emitters  df  tha 
size/dimansion  of  waveguide  "b"  must  be  considerably  lass  than  the 
same  size/dimension  in  the  standard  waveguides  of  tha  corresponding 
wave  band.  Thus,  with  the  sectcr  of  frequency  swinging  of  beam  of 
♦  -20°  stap/pitch  of  amittars  df=0.71X,  and  b— ’0.12X.  So  low  a  value  b 
leads  to  comparatively  large  losses  in  the  system  and  decrease  in 
throughput.  However,  throughput  in  the  larger  measure  is  limited  to 
the  second  def iciency/lack  in  this  systaa  -  by  small  bending  radius 
of  waveguide  in  the  plane  of  electric  field.  Thus,  with  step/pitch 
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d^=0.71X  bending  radius  r**d,lb— 0.12X.  So  small  a  bending  radius  and, 
therefore,  high  reflection  coefficient  from  it  they  do  not  make  it 
possible  to  hops  for  obtaining  of  the  to  any  extent  satisfactory 
characteristics  of  this  systea. 

The  best  characteristics  fcssesses  the  kite  system,  shown  in 
Fig.  2  b,  which  is  characterized  by  from  the  only  fact  that  the 
bending  radius  is  here  made  maximally  possible  for  the  assigned 
step/pitch  of  emitters.  Latter/last  system  exhausts,  apparently,  the 
possibilities  of  kite  waveguides  (ZV)  with  the  curvatures  in  the 
plane  of  electric  field  (E-ZV)  ;  its  design  characteristics  for  three 
wave  bands  are  given  in  Table  1. 
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Fig.  2. 

Page  58. 


An  overall  def ici9ncy/lack  in  the  rules  on  the  basis  of  kite 
waveguides  with  the  curvatures  in  the  plane  of  electric  field  is  the 
impossibility  of  order  their  sufficiently  closely  to  each  other  for 
the  purpose  of  obtaining  the  low  pitch  of  emitters  and, 
therefore,  larger  sector  of  phase  beam  swinging.  Taking  into  account 
all  design  features  of  the  antennas  in  guestion  obtaining  step/p  itch 
smaller  than  0.7X,  and  therefore  ths  sector  of  the  phase 
deflection  of  the  team,  greater  than  ♦-22.5°,  with  rhe  use  E-ZV, 
apparently,  it  is  impossible. 
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At  the  same  time  the  decrease  of  step/pitch  df  and  the  aaxiaua 
expansion  of  the  sector  of  the  phase  beaa  deflection  is  considered  by 
desirable  and  acre  advisable  than  the  decrease  of  step/pitch  df  for 
the  purpose  of  the  expansion  cf  the  sector  of  frequency  beaa 
swinging.  The  latter  in  the  real  systems  in  which  is  included  the 
antenna,  usually  is  limited  either  by  the  deviation  cf  frequency  or 
by  the  angular-frequency  sensitivity  whose  improvement  blocks  the 
requirement  of  saall  linear  chaic  losses  in  the  circuit  of  antenna. 
However,  the  latter  increase  with  an  increase  in  the 
angular- frequency  sensitivity  net  acre  weakly  than  it  is  directly 
proportional  [2].  However,  the  expansion  of  the  sector  of  the  phase 
beam  deflection  can  block  only  steep  pitch  of  emitters  df  . 

All  noted  deficiencies/lacks  prove  to  be  sharply  weakened  in  the 
rules,  constructed  on  the  base  cf  kite  waveguides  with  the  curvatures 
in  the  plane  of  magnetic  field  (N-ZV)  [6]  to  the  latter/last  not 
examined  by  us  weakly  dispersive  circuit. 


At  first  glance  the  possibility  of  use  N-ZV  in  the  antanna  seems 
doubtful  becausa  its  peried,  in  contrast  to  the  E-ZV,  more  than 
wavelength.  Also  can  seem  by  doubtful  the  possibility  of  obtaining 
the  sufficiently  high  electrical  characteristics  in  view  of  a  small 
bending  radius  of  waveguide. 


I 
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However,  the  first  doubt  drops  off,  if  we  excite  emitters  from 
the  middles  of  waveguide  chancels,  as  shown  in  Fig.  2c;  the 
step/pitch  of  emitters  dt  is  equal  to  half  of  the  period  of  £©//  and 
can  comprise  0.65X-0.7X,  what  it  is  sufficient  for  frequency  bea a 
swinging  in  sector  of  ♦- 20-+- 30°. 

The  sector  of  the  phase  bean  deflection  in  the  foil  lattices, 
formed  by  the  set  of  rules  cn  the  base  N-ZV,  can  be  led  to  ♦-4  5  and 
even  it  is  more,  since  with  the  common  for  standard  waveguides 
size/dimension  of  narrow  wall  (84:0. 5X)  the  step/pitch  of  the  order  of 
rules  in  the  fabric  can  be  close  to  the  half-wave.  On  the  other  hand, 
the  possibility  of  using  the  waveguide  circuit  whose  size/ dime  ns  ion  b 
is  close  to  the  standard,  i.e.,  two  or  three  times  more  than  in  the 
E-ZV,  makes  it  possible  tc  significantly  decrease  the  linear  losses. 

But,  perhaps,  even  more  important  advantage  N-ZV  before  the  E-ZV 
is  the  fact  that  waveguide  bend  in  the  plane  of  magnetic  fisld,  even 
with  so  small  a  bending  radius  (see  Fig.  2c)  ,  has  low  reflection 
coefficient  and  virtually  (with  the  accuracy  approximately  20o/o) 
does  not  affect  throughput.  The  special  features/peculiarities  of 
waveguide  curvatures  indicated  in  the  plane  of  magnetic  field  to  a 
certain  degree  are  known  from  literature  [5],  and  were  also  in  detail 

investigated  both  theoretically  and 


experimental  (  5-7] 
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Page  59. 

» 

By  tha  saae  high  characteristics,  although  into  the  somewhat 
smaller  frequency  band,  possesses  the  N-ZV  even  with  the  rectangular 
curvaturas  (Fig.  2d).  Due  to  insignificant  worsening/deterioration  in 
the  range  properties  this  systee  obtained  the  series/row  cf  essential 
structural/design  advantages  in  comparison  with  the  system  Fig.  2c. 

Latter/last  two  systems,  in  the  principla,  differ  little  from 
each  other,  exhaust  tha  possibilities  of  using  the  kite  waveguides 
with  the  curvatures  in  the  plane  of  magnetic  field  in  tha  antennas 
with  frequency  beam  swinging. 

All  mentioned  kite  systems  are  depicted  in  Fig.  2  with  the 
exemplary/approximate  observance  of  seals.  Among  these  systems  N-zv 
most  complately  is  utilized  tha  transverse  overall  size,  determined 
by  the  stap/pitch  of  emitters  d^  and  d, .  simultaneously  the  N-ZV  has 
the  graatest  height. 

Design  characteristics  cf  rule  on  base  N-ZV  are  given  in  the 
lattar/last  column  Table  1,  from  which  it  is  clear  that  these 
characteristics  ace  very  close  to  the  maximum  ones. 
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